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MORNI NG SESSI ON
(8:40 a.m)
CHAI RPERSON WHI TE: | would like to wel come everyone
back to day two of our pre-approval neetings. And we would
like to welcone all of the new people that have joined us today
as well. Today's neeting, the norning session is a
continuation of yesterday afternoon's session and it is going
to be focusing on study concepts for nodeling resistance
devel opnment and/ or pat hogen | oad.

W are going to have several speakers from

pharmaceutical, academ a, and governnent tal k about their ideas

P about resistance devel opnent design and pathogen | oads. W are

going to have a break and then we are also to have a study

concepts panel where the speakers from yesterday afternoon and

b this nmorning will conme up on stage and naybe talk for a few

5 m nut es about the positive aspects of the nodel, what things

t hey woul d change, what things we need to take into

consi derati on.

Then after that we will have an open conment period
where people can cone up to the mcrophone. Al | ask is when
you go up to the m crophone please identify yourself and the

P Oorgani zation you are with.

So, are first speaker this norning is Dr. Susan

Kot arski. She received her B.S. in Mcrobiology fromM chi gan




State University, a Masters in Mcrobiology fromthe University
of Illinois, and a Ph.D. fromthe University of Illinois.

She then did a post-doc at Walter Reed in D.C. and
she is currently a senior research scientist at Pharmacia &
Upj ohn. She is the project team | eader and | ead scientist to
address antim crobial resistance issues of a devel opnent of
antibiotics for use in food-produci ng ani mal s.

Pl ease wel cone Dr. Kot ar ski .

DR. KOTARSKI: Good norning everyone. | would like
to thank the Center for inviting nme to speak this norning and

conpliment themon offering a public session so we can di scuss

» t hese concepts.

| amgoing to go right to ny talk this norning.
(Slide)

As | understand it, ny objective for today is to

b review in vitro systens applicable to pre-approval studies. W

enphasis is going to be on bacterial system nodeling.
Specifically, continuous cultures and the use of batch cultures

and their potential applications.

(Slide)
In order to do that, | thought what | would do is
P start right out by tal king about continuous nodels. | think
many of you have heard about them but haven't been involved in

wor king with these systens.
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(Slide)

This is a systematic diagramof the systemthat we
are using. It is anong the nore sinpler of systens that can be
used. A continuous culture basically can be defined by the use
of a continuous input of nutrient flowinto a culture system
The objective being to naintain a bacterial culture
continuously in a steady state or senm -steady state of a
cul tivated growt h.

This is in contrast to a batch culture systemin
which the nutrient content is defined. The organisnms grow

within a finite volume. They have a buil d-up of toxicological

P end products. The organisns can die in this batch systemas a

result of the build-up and the depletion of nutrients. 1In the

conti nuous culture on the other hand, there is a conti nuous

b i nfl ux of nedi um

Now, in our systemwe are using a set of punps for
i nput of that nediumand for renoving the effluent to maintain
a constant volunme in that continuous state. W are al so using
an anaer obi c system

And this is the sane system-- we are fortunate

enough to have a nunber of microbial ecologists in our group

P t hat have devised a systemin which we have a battery of eight

replicates, each with its own nutrient input system And the

nodel systemthat we have been working with is devel opi ng




continuous cultures of fecal flora to nodel the colonic flor
i n humans.

(Slide)

Ckay. Well, one of the nice features of these

systens is that they can naintain a fairly high |level of
bacteria with a fairly diverse popul ation. The col onic syst
that we are m mcking contains on the order of 400 species,
feces typically. And a popul ation of 10 or 10'? cells per
gram

Wth these continuous culture systens, whether we

are tal king about the ones that we have been working with or

P rum nal ecosystens, the organismload that you can nmaintain

a

em

in

is

on the order of 10° or 10'° cells per nil. So, we are talking

about two orders magnitude | ower than what is in an in vivo

b setting. For exanple, in arumnal in vivo setting or in a

b colonic in vivo setting.

And what | also wanted to point out is that with
t hese systens, that by virtue of the fact that we are using

sterile nutrient medium we are essentially defining the

a

i noculum at the onset. W are using one sanple inoculum W

have a finite gene pool if you will.
W have, as the systemevolves to equilibration
state, we have a nodel of one ecosystem And that one

ecosystem may or may not represent the in vivo setting that

it




began to mmc at the tangent in which we sanpled, or the
dynam cs of the systemthat occur in vivo.

One nice feature of that systemthough is that the,
as | nentioned before, we had a grom h substrate for sem -
continuous or continuous naintenance of those cultures. They
do nmaintain a dynam c nmetabolic state. Another good feature
about this is that you can add antibiotics continuously or at
pul se-dose or semn -continuously.

And this systemlends itself well to devel opi ng
concepts of bug drug interactions simlar to the types of

concepts that Dr. Papich was tal king about yesterday. This

P system coul d be used for that, either for organisns grown in

pure culture or nore conpl ex bacterial groups.

| also want to enphasize as a mgjor point of this

b tal k though, is that the variability of these systens have not

b been very well defi ned.
(Slide)
Vell, let ne talk about one devel opnental test

systemthat we have used that has sone parallels to pathogen
| oads and what we have found out in working to develop a test
system

The objective of a test systemwas in fact to
identify drug concentrations that would not have an inpact on

the m crobial ecosystemthat it m mcked, nanely the col onic
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flora of human fecal bacteria. That was our objective. To
define a no-effect concentration for drug antibiotics on an
ot herwi se stabl e ecosystem

We decided to use a fecal inoculumas | nentioned
before, and for our reference drug to devel op the system we
deci ded to use clindanycin. Pharmacia & Upjohn produces
clindanycin, so that was about one of the mmjor reasons for
choosi ng that.

And secondly, another major reason is clindanycinis
wel | characterized with respect to its effects in vivo on the

colonic flora and its potential to disrupt the flora and the

» potential for overgrowh of certain opportunistic pathogens,

mainly clostridiumdifficile.

Clostridiumdifficile is not part of the nornal

b fl ora of humans. However, upon destruction by an antibiotic,

b if it is clindanycin or another therapeutic that m ght be used,
it can if it is present and if it is ingested, it has a
potential to overgrow. And if that strain overgrows and it is
toxigenic it can manifest itself clinically as pseudonenbranous
colitis.

So, clostridiumdifficile because it was not an

P i ndi genous part of the flora was a natural choice and

clindanmyci n was an obvi ous drug choice for reference for

developing this in vitro systemto test for a no-effect drug




concentrations on equilibrated flora.

(Slide)
Now, what | have here is a diagram conceptually of
what we expected to see in the nodel. 1In any one experi nment

that we set up, what we initially do is equilibrate the culture
to get a stabilized dynamc and as we work with this we use an
i nocul um of fecal flora such that it does not contain
clostridiumdifficile. O at least it is below the detection
limts.

And what | amplotting here, conceptually, is the

| og base of the C. difficile population in that continuous

P culture. So, first we go through an equilibration phase to a

point zero of the experinment. And on day zero of the

experinment, once we achieve equilibration as neasured by total

b popul ation, we also can verify that the enteric popul ations are

b -- excuse ne, the facultative popul ations are bel ow t he total

anaer obi ¢ popul ations in those fecal systens.

Once we achieve that equilibration, then in our
nodel system we add clindanycin at a level, at a particular
test level, and we infuse that on a constant basis for seven

days. Wiich is typical of a drug treatnent therapy. And one

P ot her point that | might make is that the carryover tine in the

system was one day.

Anot her inportant point of this experiment was is




|l that we added C. difficile on a daily basis starting on day

P zero. And what is different for this experinental system as

B conpared to other experinmental systens to detect C. difficile
# overgrowmh either in vivo or in other in vitro continuous

b culture systens was that we didn't use a bolus dose of C

b di fficile.

¢ Characteristically and the parallel that we spoke of
B yesterday in the 550-815 studies is that you give a | arge bol us
® dose of the organism of the challenge organisnms. This is in
10 contrast to the normal setting either for C. difficile in the
1l human situation or sal nonella, as we nentioned yesterday, in
1P the animal setting. Usually these organisnms, unless they are
1B in a disease state, don't see this |evel of organisns.

14 We reason that it would be better off in our test

1% systemto in fact challenge daily with a | ow | evel of organisns
16 that would be nore representative of the environnental setting.
1f And this concept, if we are going to do sal nonella chall enge
18 studies, mght be incorporated into in vivo settings. O may
1% be one, you mght want to think about it.

20 What is another driver considering this is a

2l potential, is that we were |looking at -- we were titrating the
2P cl i ndamycin concentration that we would add on a daily basis
2B and we reasoned that clindanycin, at high enough

244 concentrations, can inhibit the growmh of C difficile.




So therefore, there could be concentrations that we
m ght add that would inhibit the growth of C difficile. And
the if so, and if we only bolus dose say for exanple on day
zero, even though we m ght effect or disrupt the gut flora, in
fact we might not detect C. difficile overgrowh because we are
| i kewi se inhibiting the organi sm

So, it nade sense then to challenge rather than on
one | arge bol us dose on one day to instead challenge at a | evel
that was low on a daily basis. And thereby, if we had a
concentration that disrupted the gut but it was at a

concentration that inhibited the C. difficile concentrati on,

P you woul d expect that once that clindamycin concentration

declined then there woul d beconme a point when the destruction

was such and the clindamycin was such that it permtted growth

b of the organi sm

Li kew se, if clindamycin at | ow concentrations that
permtted growmh of the organismand disrupted the culture, you
woul d be able to see overgrowh at an earlier setting.

So basically we expected to see a type one response
during clindanmycin concentrations at the |lower |evels and

perhaps a type two response or a del ayed overgromh with this

» type of set up.

And the other concept as well is, is that you m ght

see no response if there was no disruption of the clindanycin
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you woul d expect to have seen no difference in C. difficile

over gr ow h.

So, what | want you to do for the next slide is just
renmenber the colors of type one and type two response. In
fact, what you will see in the next slides is that we were able

to identify a concentration in this test systemthat allowed
overgrow h during the clindanycin adm nistration. That was at
2.6 mcrogramper mil.

W al so found a type two response at the 260
m crogram per m | concentration of clindamycin. And that 260

m crogram per ml concentration is the concentrations that you

> m ght expect to see in feces.

(Sli de)

So, what | amdenonstrating here is three separate

b experinents. | want you to focus on the first experinent.

b Here again is the 2.6 mcrogramper ml response, that is that

type one that | spoke of. W have a del ayed reaction after the
clindanycin infusion has stopped and we get an overgrowth at
260. And then there was an internedi ate concentration that we
tested as well.

The no-effect concentration that m mcked the zero

» dose was 0.26 microgranms per ml, shown in red. And that was

great. That conprised one experinment. 1In total that

experiment took about one nonth to run and three associ ates




l with a battery of six vestibules.

4 W tried the experinent again. This tine we wanted
Bto knowif -- at that time we were using 1,000 cells per ml on
1l a daily basis as our challenge dose for C. difficile. W

b wanted to titrate down and find out what was the m ni nrum nunber
b of organisns that we could use to detect a simlar response.

¢ As you can see the type one and the type two

B response again showed up. This is one inoculumwth the
Ddifferent treatnment groups. And what we identified in that

) experinent was that a 10 cell per m | concentration in fact

l woul d not pick up the response but the 100 and the 1,000 cells
» per m || appeared to do so.

1B Before we wanted to go forward, we wanted to see

1#t really how reproducible this type of systemwas. You can see

b from one experinent to the next the dynam cs of the response

b that we were seeing was fairly reproducible and it nmade us

[ quite happy.

B In the next experinment what you see is a

19 representation of two sets of fecal inoculum W had four

) replicate vestibules with four different treatnent groups:

| 0.0, 0.26, 2.6, and 260. And the second set the fecal inoculum
P are designated A and B.

2B And | wanted to enphasize as well we were using four

24 inocula for inoculumA and a different set of four inocula for
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the total inoculumfor the replicate B. An inportant point is
here, is that these were run sinultaneously and in only one set
of the four replicates were we able to detect an overgrowth
response at the 260.

In neither systemwere we able to detect the type
one response. And with the other response variables that we
nmeasure, we also saw a | esser response in terns of total VFA,

i npact on total bacteria.
(Slide)
So, nmy point is that basically, if we start | ooking

at these nodels and start to reproduce them we are likely to

P encounter sone variation. That variation could in fact be two

i nocul um as suggested in our |ast experinent, but we haven't

gone through the exam nation to identify whether or not the

b test systemthat we were using, sone unidentified aspect of the

b test systemwas in fact accounting for that variation.

Utimately though your test systemis defined by
that inoculumas | nentioned earlier because we are having a
constant input of a sterile nutrient nediumafter the initial
inoculum And as well, the equilibrated state that you do

achieve in these in vitro test systens is ultimtely dependent

P on the culture conditions and the nutrient system provided to

that system

I f we think about doing gene transfer studies in
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these test systens, these sane concepts apply in terns of
variability and the finite concept of the inoculum The
genetic determ nants that you put in the systemis dependent
upon your inoculum It is on that first day. It doesn't
i nclude the genetic variation or the genetic input that you
m ght, that the animals mght, receive in terns of the types of
protocols we are thinking about for this workshop.

Thi s system does not incorporate the day-to-day
variation in ternms of the organisns that are encountered by
these animals. Utimately, the inoculum once inoculated into

a culture systemtakes on an evolution of its own. The good

P thing is that it sets up a stable ecological systemin which we

can tests concepts of drug bug interaction.

But, it does not necessarily mmc the bacterial

b flora that the sanple represented when it was inocul ated and we

5 have no information to the extent to which it can mmc, and it
has a high |ikelihood that it does not mmc, the day-to-day
changes and variations that an individual animal will encounter
or the popul ation as a whol e.

(Sli de)

This following slide is not a continuous culture,

P but | just want to bring to your attention the in vivo setting.

This is a set of data that was generated about 10 years ago by

Denny Corpet and it is sinply a plot of total E. coli found in
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the fecal flora of humans on a day-to-day basis.

These people were given first a normal diet and then
switched to a sterile diet. And the point of enphasis is, is
that the darker -- | amhaving a hard tinme with this pointer --
the darker lines represent the tetracycline resistant coliforns
that were present when the humans were eating a non-sterile
di et.

And as you can see, even with the change of the
sterile diet it detected resistant coliforns which represent in
fact how a small portion initially becane even | ess then.

So if we think, going back to an in vitro continuous

» culture system and nodeling these systens it is wefully

deficit in terns of nodeling the day-to-day infusion of
resi stant organi sns.

(Slide)

And also, with respect to these in vitro systens,
they do have a useful potential which I will talk about in just
a second. But, there are sone other concepts that we want to
think about if we are going to use it for any specific
obj ecti ves.

And that is that the ecosystens that we are thinking

P about in ternms of this workshop, there is not just one

ecosystem avail able either with the animals or in the

production setting.




(Slide)

A good exanple of this would be in the rum nant of
course, and an obvi ous exanpl e actually when you think about
the rum nant animal. The rum nant of course being the |arge
organismit is and harboring a dynam c population with a
dynam c input of organisns associated with this foodstuff
presents a nyriad of changing mcrobes with respect to influx
of genetic determ nants of popul ation diversity.

Yes, it does have an overall stabilization, but
there is variation associ ated post-randomy and over the age of

the animal. Wthin this animal then there is not only a

> rum nant m crobial ecosystem but a colonic one as well.

(Slide)

And, if we want to think about nonogastrics as maybe
b a nore sinplified systemin ternms of ecosystens, | would
b chal | enge you to think again. Wthin the colon, and | nean the

different portions of the colon of course you can expect to see
di fferent ecol ogi cal systens.
And the cecumthat essentially represents a blind

sac where the influx of nutrients and the dynam cs of

nmetabolismw || be sonewhat different. And there is well,
» | esser col oni zati ons of the upper part of the GI tract.
(Slide)
Anot her topic that cane up yesterday, but is also




apropos in terns of thinking about in vitro ecosystens is the
inoculumthat is used with respect to the health state of the
ani mal s.

(Slide)

If we are tal king about aninmals that during
treatment m ght be housed in a hospital pen or if we are

tal ki ng about aninmals that m ght be exposed transiently to

antibiotics during a healthy production state, these will also
influence ultimately the ecosystemthat we m ght introduce into
that once in vitro system
Anot her consideration in terns of ecosystens and the
> nunber of ecosystens is the age of the animal. The neonate
will have a mcrobial flora. That mcrobial flora will change
as it ages and that mcrobial flora will have different
b popul ation levels as it ages.

So, thinking again for an in vitro systemas a nodel
tommc in an animal, we are essentially taking one point in
time for whatever ecosystem we choose to use.

(Slide)

So, overall | would Iike to personally recomrend

these in vitro systens have a predictive capacity at this point

P in time that is really unknown. One point that | didn't

mention is that obviously these glass systens do not

i ncorporate concepts of hosts netabolismand obviously the




nmet aboli sm nay effect the potency of the drug that is
i ntroduced.

These systens are cl osed systens, they nodel one
bacterial ecosystem | can't say that enough. The gene pool
is defined and the test variability has not been determ ned.

Anot her concept is that if you are able to identify
a no-effect concentration in these glass systens, the question
t hen becones how do you translate that from m crogram per m|l
to m crogram per kil ogram body wei ght as dose function.

(Slide)

So, given that is the state in terns of nodeling

P pat hogen | oad studies or the rate and extent of a resistance

energence, | amnot really keen on using an in vitro systemto
do so.

(Slide)

| would say that as we begin to ook at in vivo
systens, and | recomrend that we m ght think about these

systens, | anticipate that through the course of the
di scussions we will probably identify that there is no perfect
in vivo systemas well.

(Slide)

And so, fromthat standpoint, | nentioned earlier
that the in vitro systemhas as a di sadvantage that it doesn't

take into account host netabolismas an exanple. That is a




di sadvantage in the context of a pathogen |oad study. It is a
di sadvantage, but it is an advantage.

And if your objective then is to better understand
mechani stically the dynam cs of the interactions drug bug
interactions, a mcrobial ecosystemwhere you don't have
variability of host netabolismentering into your studies m ght
be to your advantage.

And fromthat standpoint, then | would urge you to
think of the in vitro systemnore in terns of the context of
your study objectives. Now at this workshop we are not at a

poi nt where we have identified specific objectives and | hope

» that at the close we will cone closer to that goal
But, given the facts of the case at this state,
woul d rather like to think about the in vitro systens in terns

b of a tool kit as we identify those objectives.

(Slide)

And fromthat standpoint, let ne go into just
briefly concepts of batch cultures. | enphasize again, batch
cultures have a finite growmh substrate. They typically use

short incubation tinmes and bacterial netabolism changes with

ti mes because the nutrient source is not replenished, it is

P limted, and there is no renoval of bacterial end products

typically.

Nonet hel ess, these batch cultures systens, whether
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they be pure culture or whether they be conplex in vitro

systens do provide rapid screening devices to get again

information that is useful in our overall drug eval uation.
(Slide)
Okay. Wth respect to a batch culture, typically we
will think of pure cultures. But, there is also concepts that

we can use in terns of a conplex inoculum \Wen | say conpl ex
i noculum | amtal king about an intestinal content: excreta,
litter, or manure as the inoculumw th no nutrient addition and
a short incubation period.

| nmentioned before a glass tube systens can only

b achi eve levels typically of 10° to 10 cells per gramin which

we are going to test a drug concentration. |[|f you take these

sanpl es and i ncubate themfor a short periods, two to three

b hours, aerobically or anaerobically as appropriate, you can

b mai ntain that diversity for a short period of tine and at

| evel s that the drug m ght see in an in vivo setting.

From that standpoint, those types of systens m ght
be useful for m m cking bacterial diversity insomuch as it is a
short period of time, but it can be useful for screening for

drug concentrations that m ght disrupt an ecosystem whi ch m ght

P be detected by changes in fernentation acids or the production

of hydrogen or a nunber of different response vari ables.

These al so m ght be systens that can be used for




detection of rapid drug inactivation. For exanple, if a drug
is inactivated sinply by the fact that it binds irreversibly to
conplex matrices within the inoculum such that it decreases
its potency, this is good information to know.

(Slide)

Let's give you as an exanple studies that were done
sonme 10 years ago regarding ceftiofur degradation in feces.
Qur initial observation in residue decline studies was such
that we coul d detect ceftiofur residues in the intestinal
content of treated cattle. The concentrations were on the

order of 10 to 11 parts per mllion in feces. But we were

P unabl e to detect any m crobi ol ogical activity.

This in the face of the fact that we could al so | ook

at the tissue concentrations of ceftiofur and show that there

b was active netabolites present. The question then becane well,

b i f we can detect those residues in intestinal content, why are

we not able to see mcrobiological activity? And in fact, we
were not able to detect it. At least to the detection assay of
our potency assays.

So, what we elected to do was to do sone short-term

i ncubations in which we took fecal material. W diluted it

> mnimally and then asked the question if you add ceftiofur to

these fecal incubations, the bottomline is that in a short

period of incubation, on the order of four to six hours, for an




addition of say for exanple 80 parts per mllion, the decline
in mcrobiological activity, as is nmeasured by m crobi ol ogi cal
cylinder plate assay or by HBLC

W were able to show that in fact that decline was

quite rapid within the space of literally hours. W have been

able to denonstrate that in other species as well, including
humans.

(Slide)

Anot her concept -- one nore thing before | |eave
that. | realize that nost antibiotics are not going to have

this property. On the other hand, the property of inactivation

P does apply to other nol ecules, for exanple the am nogl ycosi des

or the flouroquinol ones.

Now, the extent to which that occurs can be refined

b or better understood in the context of using these as matri ces.

Li kewi se, this can be used as a rapid screening device if we
t hi nk about new nol ecul es that we m ght want to screen for this
characteristic. It is going to be difficult to find, but
nonet hel ess we nmight want to use it.
(Slide)

So, anot her concept to think about in ternms of in

P vitro systenms and rapid screening is just to better understand

the frequency of nutation within the zoonotic population. This

is a classic type of experinent that can be done very quickly.




And initially, once a drug is under evaluation -- | am not
going to go into the details of that.

(Slide)

And classically, a nunber of MC tests have
applications that many of you are famliar with. Nanely, these
MC tests defined the spectrumof drug activity both in
zoonotics and veterinary pathogens. Usually, we don't
enphasi ze the activity against commensal s, but certainly we can
incorporate that early on in getting a better understandi ng of
the potential for causing changes in the bacterial flora.

W use these MC tests to define potency. W use it

P for our interpretive criteria for efficacy. Certainly to

support clinical efficacy studies for pharmacoki netics and

phar macodynam cs as Dr. Papich nentioned yesterday. They help

b us to define cross-resistance to other drugs. They help us to

b characterize strains that are isolated from pathogen | oad and

resi stance energency studies.

This is typical of the types of studies Dr. Mevius
presented to us yesterday. Likew se, we use these MCs to
understand the distribution of MCs for any particul ar species

of organi sns whether it be a zoonotic organismor a target

P pat hogen. W woul d be best to understand what that

distribution is pre- and post-approval .

(Sl i de)




The use of these in vitro systens in terns of
conpl ex ecosystem nodel s we can then use to screen for drug
concentration. They have that potential either to drug
concentrations that disrupt ecosystens or drug concentrations
select for antibiotic resistance. W can use themto screen or
confirmdrug inactivation by ecosystens.

We can al so nodel short-term drug exposure

scenarios. Say for exanple, in a continuous culture system

whet her we are evaluating a one-tinme dose, a pul se dose, a
continuous dose, or --- of antibiotics. That is not to say
that they are necessarily predictive, but we can better

P under stand the principles underlying the observations that we

m ght have in a nore diverse or conplex matriXx.
(Slide)
The predictive capacity, | wll enphasize again, is

b real | y unknown though in terns of pathogen | oad studies and

extent and rate of resistance enmergence for many of these
nodel s. They do not incorporate host netabolism they only
nodel one bacterial ecosystem

The result is defined by the culture condition. The

gene pool is defined by the inoculumand test conditions. The

P test variability has not been determ ned. And the

extrapolation is difficult.

(Sl i de)




So, overall ny conclusions are that the in vitro
test systens provide useful but limted information regardl ess
of whether or not you can type supporting the processes of |ead
findings or drug evaluations or drug registrations.

There is no in vitro predictive test that | am aware
of that is in place right now to provide pivotal registration
data regarding the effect of drugs per se on resistance
energence and pat hogen | oad.

| thank you for your endurance. And I wll
entertain any questions.

CHAI RPERSON WHI TE: Okay. W have tinme for one or

P two questions. Please go to the m crophone.

DR, GOOTZ: Tom Gootz from Pfizer. That was a good
talk Susan. | was wondering, in this systemthough one
b advantage is the fact that if we are involved here, we are

b trying to assess the safety of aninmal health drugs with respect

to selection or resistance of canpyl obacter, E. coli, gut
organisnms, it is true that the sponsor should know how nmuch of
their drug is in the fecal matter of those use ani mals.

And a lot of that drug obviously has to be bound to

fecal material. So that only a fraction, let's say .1 percent

P is actually bio-available as it passes through the gut. Your

system actual |y woul d be very good for trying to | ook at

steady-state conditions at that |evel for each drug, for each
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agent, because that is probably the only system where you can

| ook at popul ati on dynam cs at concentrations of the drug that

mmc that which is available in the feces.
So, that could be an advantage of this type of
system Have you tried -- as | noticed, just trying to | ook at

sone of your nodels, your data, when you have | ower
concentrations of a drug you tend to get |ess resistance. And
maybe what we are often seeing here is this |owlevel free drug
whi ch i s perhaps enough to induce certain types of resistance
like to macrolide, but is not really efficient at sel ecting

per manent mnutations that cause resistance and then get into the

P envi ronnent .

Do you have any thoughts about that?

DR. KOTARSKI: A couple of thoughts. | agree with

b you that in this setting because you can define what your

b i noculumis you can look and try to devel op nodel systens where

you have | ow drug concentrations and | ook at the inpact overal
where you do have that conpl ex ecosystem setting.

There are other nodels that have been used that are
ei ther plugged flow that involve matrices that are nore conpl ex

than just a fluid matrix. W are using a fluid matrix here.

P O they involve addition of substrates. For exanple, real food

substrat es.

You can have hardware that will accommpbdate that so
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you can incorporate not only the inactivation or binding that
m ght occur for a drug to the bacteria thensel ves, but also
other matrices that m ght be present that are not bacterial per
se.

So, | absolutely agree with you. To devel op
mechani stic studies of bug drug interactions either in pure
culture or in conplex matrices, these have potential.
Absol utely.

DR SILLEY: Peter Silley, Don Witley Scientific.
Thanks for that Sue. Really just carrying on fromthat, have

you | ooked in your nodel at actually putting any solid

P substrate into your systemand seeing if there are any

di fferences?

DR. KOTARSKI: W have not done that. | know t hat

b Karl Signiglia has a simlar systemand in fact we nodel ed our

b systemon Karl's nodel in which he is using food substrates to

dunp -- excuse nme, not dunp in -- but add on a systematic
basis, twice a day basis. | haven't seen the data that he's
generated in that systemwth respect to this question, but |

woul d anticipate that we will see sone data comng fromhis
| aboratory in the future.

DR. SILLEY: W have been working with in effect a
bat ch system whi ch uses sonme solid nmatrices as well, and have

been able to actually maintain fromthat a m xed fecal flora.




Certainly a reason to study --- in terns of the bacterial
position that appears over 14/15 days. W have not really got
any further than that.

But what is actually interesting, if you are | ooking
at that sort of gene transfer and then you will actually see
differences if you look in the liquid phase as opposed to
actually in the solid phase, which is probably not surprising.

But, | think it is quite interesting if we are then trying to
maybe extrapol ate to see what happens in vivo, because of
course obviously there is a solid phase and a |liquid phase.

But there certainly are differences between the two.

DR. KOTARSKI: So, from what you are saying
understand that you can actually devel op nore than one
ecosystemw thin that one culture?

DR SILLEY: Yes. Absolutely.

DR. KOTARSKI: Ckay.

CHAI RPERSON WHI TE: One | ast question.

VR. :  Susan, just a comment. You didn't
hi ghl i ght or perhaps we mi ssed it, but the possibility of using
the in vitro or |ab-based studies to see the frequency of

transferrable el enents. You know, transconjucants, etc. |ike

P that which is sonmething actually that m ght be quite useful and

is done all of the tinme of course, if you know there is a

transferrabl e el enent.




DR. KOTARSKI: Sure. Absolutely. | agree with you.
| didn't want to highlight too much the pure culture work that

can be done. In ternms of characterizing the capacity for
frequency of drug transfer, absolutely the pure culture work is
useful. And it is also useful in terns of setting up systens
to make conparisons to see that capacity pure culture versus
seeing that capacity in a nore diverse matrix.

Say for exanple like in an in vitro system such as
ours. And that is easier to set up in an in vitro systemthan
it isinvivo. On the other hand, the next question becones,

with that observation is how do you translate the in vitro

P observation to a capacity or put it specifically in terns of

what is the rate of resistance emergence. That is difficult

stuff. You know, translation of that in vitro data to in vivo

b dat a.

CHAI RPERSON WHI TE: Thank you, Sue.
Just to | et people know, we do have chairs in front.
If you want to hold up the wall back there, that would be

great too. The next speaker is Dr. Thomas Shryock. Tom got
his B.S. in Biology fromthe University of Toledo and his Ph.D.
in Medical Mcrobiology fromthe Ghio State University.

He then did a post-doc with Case Western Reserve
University. He has been a research scientist, a senior

research scientist with Pfizer. He has been an assi st ant




professor in the Life Sciences Departnent at Indiana State
University. He is currently a technical advisor and research
scientist in the animal science discovery and devel opnent
research program at El anco Ani mal Heal th.

He also chairs -- | will keep going for Tom here --
the new Division Cin Anerican Study for M crobiol ogy which is
animal health m crobiology. And he is currently the chair also
the Veterinary Antim crobial Susceptibility Testing Conmttee
in NCCLS. Please welcome Tom

DR. SHRYOCCK: Thank you, David. Thanks to CVM for

the invitation to participate in the pre-approval studies

P wor kshop. Unli ke David's concluding slide yesterday with

Apollo 13, | do agree that we do need teamwork, but

susceptibility testing is not rocket science.

So, | hope to share sone of the considerations that
> we Wi ll have to take into account, but keep in mnd these are
doabl e and certainly not that highbrow science that we woul d

associate with Apollo 13.
(Slide)
Wth regard to the objective of the antim crobial

susceptibility testing or AST for shorthand, | think many of

P t he previous speakers have al ready covered just about every

point that I was going to make so | can roll through this

fairly quickly. So, | will really try to enphasi ze sone of the




points that | think are essential to keep in mnd as we enter
into the break-out group discussions this afternoon.

Al so, the handout that is available in the packet
has many of these sane points in it so you can refer to that as
needed.

One of the key points to keep in mnd is that while
we do a lot of the susceptibility testing and relate that to in
vivo outcones, we really are nmaking sonme arbitrary assunptions.

In that the in vitro conditions are the in vivo conditions,
and that is not true because we have host factors that also
i nteract.

W can spend a fair anpunt of tinme on that triad
t hen between host, bacterium and antibiotic and we have to
keep that in mnd as we go through sone of these discussions.

(Slide)

A nunber of the speakers that have already tal ked
about the jigsaw puzzle as to how AST or susceptibility testing
really is just the centerpiece to support a nunber of the other
pre-approval studies.

For exanple, it has got a very significant role in

clinical efficacy data that has a use for the PK/PD data as

» Mark Papi ch di scussed yesterday. Post-approval we use this

data for NCCLS guideline devel opnent. However, the data is

actual ly devel oped during the pre-approval phases.




One thing that hasn't been nentioned is that al
conpani es do sonme sort of field isolate survey for pre-existing
resi stance, usually in the target ani nal pathogen. However, |
think with the recent discussions here sone conpani es nay be
| ooki ng for sonme of the zoonotic to see what kind of resistance
reservoir or potential exists out there.

Qobvi ously, a spectrumof activity and potency are
assessed on the typical battery of |aboratory strains that
conpani es have. Al of this is used to phenotypically eval uate
the resi stance selection potential. And I will cone back to

t hat because phenotypic doesn't necessarily line up with the

P genotypic. That is still sonething that we need to put

together in a much firnmer way.

We can al so use susceptibility testing to conpare

b strai ns of known resistance characteristics. For exanple,

b there is quite a nunber of well-characterized resi stance genes.

A battery of those type strains can be tested to see what kind
of response you will get with a new test agent.

And then lastly, the pathogen | oad and resi stance
sel ection studies that we are discussing today can al so be very
directly supported through susceptibility testing.

(Slide)

So, as | tried to put the tal k together today |

wanted to really try to |ist out sone of the factors that |




consider as | design susceptibility testing studies. As we do
so we really cone to the realization that a lot of this is an
interactive consideration where we have to really know a | ot
about this type of specinmen that we are going to be obtaining
and how that interacts with how you isolate a pure culture, how
do you identify it, to what level. Even sone of the
consi derations on storage and perhaps shi ppi ng.

A nunber of speakers have tal ked about antibiotic
properties, physicochem cal characteristics that are inportant,
as well as the actual nethodology. Al of that has to be

factored in, in one way or another, in order to make an

P appropriate interpretation of the data.

(Sli de)

Wth regard to the origin of the specinen, obviously

b this can take on nmany fornms. Animal isolates froma variety of

b sources, either fecal, cecal tissue, etc. can be obtained at
various tine points throughout the life or nedication period of
an animal. | think that is very self-evident just by reading
t he slide.

Sue gave a very excellent talk on culture.
Chenostat nmethods a sanpling can be taken in those types of

» situations as well. And Kathy Ewert nentioned a battery of

bugs yesterday, a reference culture type of situation. Those

coul d al so be considered an origin for your specinen.




(Slide)

As we continue on this path, recognizing that to do
susceptibility testing we really need to, in ny opinion, get
down to sone pure culture situations. Consider the type,
whether it is environnmental sanples, fecal tissue, etc. and
then that drives sone of the sanple size and processing-type of
activities.

Di k Mevius nentioned yesterday that if you use 25
grans of fecal material versus one, your isolation rate goes
up. Sone of those kinds of considerations have to be given a
little thought.

W talked a little about what kind of bacteria
shoul d we be | ooking at, we can discuss that in the break-out

groups a little further. | think we have all got sone fairly

b structured i deas on that.

Pure cultures, marked chall enge strains for exanple,
yeah those can all be done. Separating out m xed or
contam nated cultures. There are sone issues that go there.
I f you have an extraneous mlieu, such as organic debris or
bl ood that has to be taken into consideration.

And finally, a key point is the nunber of sanples.

P Di k yesterday nmentioned that if you have a culture plate that

has 300 col oni es, how do you choose which few or how many to

take? Sone real basic questions, but they do enter into the




need for sone consideration that does inpact on the statistical
desi gn.

(Slide)

Qobvi ously, isolation procedures are key in terns of
trying to standardi ze and consi der how you really approach your
topic. Enrichment will pick up just one or two bugs, naybe as
many as 10, depending on the specificity and the sensitivity of
t he enrichnent.

That can only be varied also with selective
enrichment where you may actually have anti biotics or other

types of chemcals in there that really enhance the gromh of a

P particular type of bacterium

Al'l of this leads up to the expected recovery rate.

How many sanples do you really need to take in order to get

b t he desired nunber? 1f you need 100 sanples and you antici pate

b you Wi Il get 40, that is a real factor there.
One thing that we have not really discussed is what
about damaged cells or those that will be viable, but they are
not cultivatable. That is kind of an unexplored area and

sonet hi ng, again, just to consider.

(Slide)

I dentification: how far down do you want to take
that? 1s the use of say, enterococci good enough? O, do we

need to speciate all of the various species of enterococci? Do
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we need to get into serotyping in sone cases? Lots of

considerations, lots of extra lab activity there.

(Slide)

As far as storage and shippi ng, sone other
considerations fromreal practical aspects. |If you take the
cultures you may want to test themall at once. It is a |ot
easier to do that. |If you do that then there can be sone ot her

unforeseen affects. For exanple on gene or plasmd stability.
Sometinmes plasm ds get |lost, that can influence the
interpretation of your data.

Qobvi ously, recovery of pure cultures as opposed to

P m xed: sonetimes you put away what you think is a pastorolida

net asti da and you get sonething else out, it happens. Not
often, but it happens.
Viability: if you store these sanples away, not al
5> of them cone back. And a lot of that has to do with the type
of conditions that you choose to store your cultures in.
This also | eads then to the next question of
banki ng. How many isolates will you need to save for how | ong?
How can you identify all of these things? It is not rocket

science, but it is a factor that you have got to consider and

P order appropriate freezer or liquid nitrogen storage space.

There nmay be sone limtations on biohazard agents as

far as shipping or work in the lab that we m ght want to put




| forward

D (Slide)

B Anti biotic properties is something that can be

# factored in fairly early in the game. Wether you are dealing
b Wi th a novel class, one that is never been explored before or
b if it is an anal og of an existing class, the extent of

( knowl edge will vary.

B Qobvi ously, the physicochem cal attributes, such as
B solubility, stability, potency, and purity requires a |ot of

) chem stry support fromthe analytical and formnul ations group to
| hel p the m crobiologists sort through that sort of thing.

4 Mar k, yesterday di scussed the node of action:

1B bacteriostatic and bactericidals, sonme other inportant

1#t characteristics to be aware of. W haven't really tal ked about
b testing related nmetabolites except in general terns, but that

b IS sonmething that could be considered. Especially if those
 have m crobiological activity. W have already nentioned

B spectrum narrow versus broad, and protein binding as a couple
19 of other factors that could be considered.

) (Slide)

| Wth respect to the susceptibility test methods,

» t here has been sone question should we use NCCLS or should we
2B use sonmething else? That is a question that is certainly open

24 and on the table.




The NCCLS nanual here, which you can get fromthe
NCCLS organi zation, basically is an SOP to do susceptibility
testing and quality control devel opnment. There is another
rel at ed docunent for sponsors that tells you how to set these
types of things up.

This really is designed for the clinical, diagnostic
| aboratories. However, it can be used in research areas as
well. So, while | amnot going to spend a lot of tinme on this
| just wanted to draw your attention that it can be useful, but
there may be other nethods that would suffice to address the
research issues that are at discussion today.

No matter which of these nethods, and they coul d
include E-test, spiral plater, replica plating, filter nethods,

etc. always have to have sone study to associate the conditions

b t hat affect the endpoint of those studies. Oherw se, you can

b get fal sely high or low M Cs.

For exanpl e, nacrolydes are notorious for their Ph
i nfluence. So you have got to take that into consideration.
For sul pha drugs, for exanple, the thym dine content in the
medi a can i nfluence the results trenendously.

Those sorts of things have to be considered and

P m crobiologists are in a situation where they can do that, but

all of this has to go toward the idea that you are going for

val i dation, reproducibility, and the ability then to generate




qual ity data.

As an aside, it was nentioned yesterday that we
m ght want to consider testing human use antibiotics along with
or in place of animal use antibiotics. | wll just make the
comment that the availability of the human use antibiotics may
not always be there. Especially for conpanies for which there
may be hunman- pharma conpetitive counterparts.

So, it may not always be practical to obtain sone of
those particular agents for conparative testing. At least in
sone cases.

(Slide)

Probably the key thing with all of the
susceptibility testing data is what do you do with it once you

have it? W can generate all sorts of nunbers. Probably the

b most useful thing in the pre-approval node woul d be the

b hi stogram frequency data. The slides that Dk Mevius shared

Wi th us yesterday woul d be a good exanple of that histogram
frequency.

| think you can really start then to see sone
specific types of data and how that can be used to support sone

of your interpretations. That is as opposed to taking say an

P M C 50, 90 or range, which is all right to do, but that is

per haps not the best research use or sumary of the data in

sonme of these types of studies.




For the interpretive criteria, which would be the
susceptible internmediate resistant, that really has nore to do
with the clinical diagnostic |aboratory utilization and
interpretation of the data. And in part that is still related
to pre-approval studies, but that is a little bit of a shift in
enphasi s.

Agai n, linkage that you have a phenotypically high
M C shoul d be associated with the genotypic characterization
for that resistance gene. The two do go hand-in-hand.

(Slide)

Just to list out sone m scell aneous tests for

P susceptibility testing, these are things that you find in the

literature quite frequently. For exanple, serum bactericidal

activity attenpts to look at the killing of the antibiotics in

b t he presence of serum

Qovi ously that doesn't hold for all drugs. For
exanpl e those that are active against enterics. But, it does

give you an idea of what happens in vivo in sone cases.

Post-anti biotic effect can be nmeasured quite
effectively. It is arelatively sinple and straightforward in
vitro study to do. As well as subMC effects.

Al'l of these then tend to reinforce, because they
are part of the PD characteristics, sonme of the uses of that

whol e discipline to support rational dosing designs. The sane
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for kill curves and in some cases -- we really take this out a
little bit further -- effects on virulence factors, for exanple
toxi n production, etc. could al so be considered.

(Slide)

Some ot her consi derations which may not be
exclusively specific to susceptibility testing or |aboratory
activities include the logistics. Use of a single |ab versus
mul tiple can enter into this because of variability, various
technicians doing different things at different tines. So,
that is factored in as | woul d design a study.

Qobviously cost is a consideration. W have to be

P real about that. Validation, we have always got to justify

that these nethods that we are using are accurate,
reproduci bl e, and have sone basis in fact.

I nformati on technol ogy or data capture and anal ysi s,

b that is always a part of this but it is never voiced very

openly. But that is a big part of it. You have got to take
sonme kind of a record of your data and then do sonething with
it. That is a consideration.

W haven't heard anything as far as statistical

design on these experinents. Not being a statistician, | don't

» really want to get into that, but that is a very inportant

consideration that we should pay attention to. Particularly,

wi th sanpl e nunbers, statistical design, etc. because that
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forms the best basis for the interpretation of the studies.

If we are going to be using panels, obviously the
manuf act urer of those panels has sone consi derations there.

The last thing here to consider that hasn't been
mentioned is all these studies need to be done under good
| aboratory practices which requires certain specifications that
the | ab nust adhere to. It nmakes it a little bit nore
chal I engi ng, but by the sanme token it al so nakes the study that
much nore believabl e when you have these kinds of practices in
pl ace.

Utimately, whatever protocol is decided has to be

P approvable by the CVM That just goes wi thout saying. That is

all part of having NADAs and that sort of thing.

We haven't nentioned anything as far as in the pre-

b approval studies how that could relate to say a post-approval

> monitoring program Certainly some of these studies that are

done pre-approval woul d have to be | ooked at as foundations or

background i nformation to support sone of the post-approval

nonitoring prograns that will be consi dered.
(Slide)
So, to wap up here and to conplete the jigsaw
P puzzle. Again, to put into perspective, susceptibility data to

me is the centerpiece. The interpretation is really key. At

this point we are using the data for field surveys. Looking at




P devel op the NCCLS guidelines and interpretive criteria.
B They are al so using these to support the efficacy

#l studies and in sone cases the rational dose sel ection through

5 | ower right-hand corner there (indicating) with the pre-
 approval studies and the resistance sel ection where we can

B actually then start to use these very sanme tools to apply in

B that regard.

10 (Slide)

11 So, once we have got the puzzle together we can get
1P to work. And with that I will close and open it for any

1B questions.
14 VR. . Tom could you explain what you nean
1% that you sonetines have difficulty getting human drugs for

16 susceptibility testing?

1y DR SHRYOCK: Sure. The comment had been made

18 yesterday that we m ght want to consider using human drugs to
1Ph test for resistance selection. oviously, if a veterinary

20 pharmaceutical company is devel oping sonmething that is in the

2P or may not be fulfilled by that conpeting conpany.
2B VR. . You are tal king about not approved

24 human drugs, human drugs that are in devel opnent ?

| reference collections. And sponsors are using the data also to

b the use of PK and PD. The new piece of the puzzle would be the

2]l pipeline in a different pharmaceutical conpany, the request nmay




DR. SHRYOCK: It can be either one. | wouldn't
necessarily limt it. There is no --

VR. : Well, | would take exception to that
because one part of that is that there is no limtation. You
can readily get, comrercially get, human drugs that are
approved to do susceptibility testing. | agree that if it is
in human devel opnent it is hard to get. But, in actuality CDC
as we -- as soon as a drug gets into Phase Il trials, we often

get the human drug to do susceptibility testing.

For instance, we are testing agai nst zerosin which
isin Phase Il trials, etc. So, we can get the human drugs
P very easily, commercially even once it is approved. It is the
veterinary drugs that we cannot get. The growth pronoting

veterinary drugs that we cannot get to do susceptibility

b t esti ng.

So, | just find it ironic that you had a different
concl usi on.

DR, SHRYOCK: Tonf

CHAI RPERSON WHI TE: One nore question.

DR GOOTZ: Tom Gootz. One of the hot button

organi snms i s canpyl obacter. But | understand that there is not

P real |y an NCCLS approved or standardized, | guess | would say,

met hod for susceptibility testing that. So, how dangerous is

that for us to be doing a |ot of pre-approval studies with




canpyl obacter and even nonitoring resistance if the NCCLS test
isn't standardi zed yet?

DR. SHRYOCK: The NCCLS is working on that. Bob
Wal ker coul d probably speak to this nore effectively than |
but we are in the process of developing the quality control
information for canpyl obacter against a variety of different
anti biotics.

So, that should be available shortly. At this
point, |ife does go on and people do use E-tests or other
met hods and come out with MCs. Chances are that those val ues

will be fairly close to what the NCCLS conmes out with. | can't

» foresee if they are going to be so different, that that would

invalidate or repudi ate existing data.

It would be nice to have sone agreed-upon standards,

b and that is what Bob is working on and we shoul d have those

b soon.

DR WALKER: Yes. | think if you are going to be
doi ng these studies, the things that we are |ooking at right
now is the QC organismw || probably be ATCC335660. So,
canpyl obacter jejuni ATCC335660. Incubation conditions will be

5 percent CO, and the Mieller/H nton broth for the

P m crodilution, Mieller/H nton auger with 5 percent bl ood for

t he auger dilution.

The di sk diffusion, we are not going to recomend
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that testing nethod because it is |like reading a hologram It
all depends on how you hold the platelet determ nes the zone
size you get. Thirty-five to thirty-seven degrees centi grade
for 48 hours.

DR GOOrZ: If you --

CHAI RPERSON WHI TE: Can you use the mc, sir.

DR, GOOrZ: Sorry. |If you are to use an E-test on
that in the interimfor any nacrolide and then incubate it in
CO to get the organismto grow, you mght likely get much

hi gher M Cs since the acid nature of the CO on the auger

surface will artificially give you a higher MC.
That is ny only concern. But, no one is using that
past this point. You said your standardi zed test is a ---

br ot h?

DR. WALKER: Right. And we actually get better

b gromh in 10 percent C&. The MCs don't change in 5 percent

CO, or 10 percent CO,, except for the macrol ydes. And the
macr ol ydes al ways have a higher MC with the increased CO.

So, what we are doing is developing the quality control ranges
under these test conditions.

And so if you use this QC organism use those test

P conditions, then any other test you run, as long as your QC

organismis in control the rest of the testing nethod is,

because you are defining those conditions, it should be okay.




CHAI RPERSON WHI TE: Thank you, Tom Qur next
speaker is Dr. Marc Lipsitch. Marc received his Ph.D. in
Zool ogy from Oxford University. He did a post-doc with
Dr. Bruce Levin at Enory University and he is currently an
assi stant professor of epidemology at Harvard School of Public
Heal t h.

Hi s research focuses on nat hematical nodeling and
experinmental approaches to study the population in evolutionary
bi ol ogy of bacterial pathogens.

DR LIPSITCH | amsorry, | amsubject to

Mcrosoft's file size inflation and wasn't able to get ny

P entire presentation on a disk. It is not that long, it is just

fat.

CHAI RPERSON WHI TE:  Just to rem nd people that we

b Wi | | have both a study concepts panel and an opportunity to ask

b questions at the end of this, after our break. So any of these

guestions can be revisited for our panel nenbers.

DR LIPSITCH Wile we are waiting | will just tel
you a little bit what I am going to be tal ki ng about.

As the introduction said, | ama popul ation

evol utionary biologi st and have been interested recently in

P nmodel i ng anti biotic resistance in human comrunity-acquired and

hospi tal -acquired organisnms. And, | don't have nuch first-hand

know edge about the farm animal situation, and amtherefore
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going to try to talk about it to predict two nodels.

So we used, recently, to look at in one case a
hospi tal -acqui red pat hogen and in anot her case a comunity-
acquired viral pathogen. And try to show by exanple how t hose
sorts of nodels can be used in a human situation and then try
to draw parallels to where | think it mght be useful in the

animal area. And then describe sone of the limtations as

wel | .
So, we are getting close.
(Slide)
So, another outline of what I will talk about is I
P Wi ll briefly nmention sonme nechani sns by which antibiotic use
may select for resistance as those relate to the way those

mechani snms are incorporated into mathemati cal nodels.

| will then describe how these nodels can be used to

b | ook at infectious disease transm ssion and give a coupl e of

exanples fromour work. And then talk a little bit about the
applications to the veterinary situation.

(Slide)

| have listed here three, what | think are distinct
mechani sms by which antibiotic use nay sel ect for resistance.
And whi ch of these nechanisns is or are relevant depends on
the organismand the drug that are in question.

And, | list themexplicitly here basically because




| when constructing a mat hemati cal nodel s, one of the advantages
P is that you beconme explicit about your assunptions about the

B way in which your drug is related to your organismand to

#l sel ection. And because of that advantage it is inportant to

b construct your nodel appropriately for the drug and organismin
b questi on.

t So, in the human situation these are, the first of

B these is known as acquired resistance. The idea there is that
® a subpopul ation is already resistant in the human host. Maybe
10 a single nmutant or a small popul ation of nutants or perhaps

1/l organisns carrying a plasmd

1p And that upon treatnent the susceptible popul ation
1B declines and that resistant popul ati on overgrows, possibly

14t leading to treatnent failure. So, that is an event within a
1% single host and it is a direct effect on the treated host.

16 A second nmechanismis what is known as primry

1f resistance. That is the idea that you can becone infected

18 directly with a resistant organism That is why it is called
19 primary resistance. And in this case, the use of the

20 antibiotic, it is a sort of indirect effect in pronoting

2ll resistance via primary resistance.

2P So, in this case the effective treatnent of

2B susceptible infections reduces the transmssibility of those

241 drug-susceptible infections making it nore likely that an
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i ndi vidual who is infected will becone infected by a resistant
organi smrather than a suscepti bl e organi sm

So the difference, there is an inportant difference
there between prinmary and acquired resistance. Acquired
resistance is associated with a failure of treatnent, whereas
primary resistance is really associated with a successful
treatment. And in a way, the nore successfully an

antim crobial reduces the pathogen population in a treated

host, the nore selection there is at the popul ation |evel
really on other hosts for the spread of resistance.

You will see what | mean by that later, | hope.

The third is via the effect on the normal flora so
the treatnment of one infection facilitates col oni zation by
resi stant organi snms of another species via the effects on the

b byst ander organisns. | think that is a process everyone here
b is famliar wth.

(Slide)

The ki nd of mathematical nodeling | amgoing to talk
about today is what is known as conpartnental nodeling and | am
going to show you in a little bit of detail what a

conpartnmental nodel for a nuch sinpler systemwould be |ike.

» Then | amgoing to tell you fewer details about ny own nodel s

because they are a little nore conplicated than this and in the

interest of tine. But | want to try to nake it clear what




| these nodel s do and how t hey worKk.
4 They are called conpartnental nodels because they

B track the progress of hosts, individuals, people in ny case,

==

through a series of conpartnments that refer to their state with
b respect to the infection you are interested in.

D So for a sinple infection, for exanple neasles, you
 consi der people born into a susceptible conpartnment. And then
B they may be infected at sone rate noving theminto an

B infectious conpartnment. And it is those infectious individuals
10 who determ ne the rate at which new peopl e becone i nfected.

11 And then individuals recover at a particular rate
1P and becone i mune, thereby making them no | onger contribute to
1B the process of naking new infections. People are renoved by
141 these conpartnents either by aging past the age of

1% susceptibility or, depending on the infection, or by death.

16 And you can nodel, for exanple vaccination, in

1f sonething like this, in a nodel like this, by taking people

18 directly fromthe susceptible category into the recovered or
19 i mune category wi thout going through the infected state. And
20 any nodel like this can be drawn as a diagram but is

2l represented in the analysis or the conmputer simnulations that
2P you do as a series of differential equations. And those are
2B the equations for this fairly sinple node.

28 (Sl i de)
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These ki nds of nodels have been applied for a
variety of questions. 1In the early part of this century nodels
like this were used to evaluate interventions for nalaria
control. Conparing vector control for exanple, to preventing
bites to various other interventions. They were targeted in
different ways to ask which of those kinds of things would be
the best to control the total burden of disease.

Anot her conmmon use for these nodels is to calcul ate
the critical coverage for an inmunization program So what
fraction of a coormunity has to be vaccinated by a particul ar
vaccine in order to elimnate an infection fromthat community?

Anot her very interesting kind of application of
these is to try predict and then prevent unintended effects of

vacci nation. The exanple for this is the story with congenital

b rubel la syndrome. And | will talk about this just to

b illustrate how these indirect effects can work.

Wth rubella, the infection itself can be serious
but the nost serious public health concern, especially in
devel oped countries, with rubella is the possibility of
congenital rubella syndrone in which a pregnant woman becones
i nfected and consequences ensue for her child.

When you vacci nate agai nst an infection, one of the
effects is to nake the average age in which that infection

occurs increase. As a result of that, if you start with a
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20

comunity in which the average age of infection is |ong before
puberty and you start to vaccinate, the nunber of people who
are infected at puberty or post-puberty at a tine when CRS may
be a concern, will increase.

So, there is a possibility under certain
ci rcunstances for the actual burden of congenital rubella
syndrome to increase as a result of vaccination transiently as
t he vaccine programis introduced.

That was recogni zed in the UK in the advance of the
i ntroduction of a rubella vaccination program The program was

t hen designed specifically in order to prevent that effect. So

P that is one of the really nice uses of this kind of nodeling.

More recently, simlar nodels have gai ned the

spotlight in looking rather than at transm ssion in a

b community, |ooking at the dynamics of viruses in infected cells

5 i n individuals and showi ng the dynam c process of viral

turnover in HV infections.

(Slide)

So, how can these kinds of nodels be used to | ook at
resistance? | think there are really two kinds of applications
whi ch nmay shade into each other, but really the approach is

P sonewhat distinct and depends on the kinds of data you have and

t he kinds of questions you are interested in.

The first, which I will give an exanple of in a
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mnute, is trying to make a very specific nodel to predict how
fast resistance to one drug will energe in a particul ar
organismfollowi ng a change in use.

And the reason why you can't always do this is
because there is a requirenment for fairly extensive data and a
need to do fairly el aborate anal yses of the uncertainty and the
predi ctions associated with the uncertainty in your inputs.
But sometinmes that is possible and | will explain one exanple
of that.

The other application is to use general nodels which

are not going to give you an answer |ike resistance will double

> in 10 to 20 years or in 10 to 20 days. Instead, these nodels

can be used to identify key processes and paraneters in the

transm ssion dynam cs of a particular organismand the effect

b of the drug on resistance in that organism

They can be used to suggest nechani sns that explain
observations that have been made but for which the expl anation
has been uncertain. And they can be used to identify the
approximate tine scales for changes in resistance, even when
preci se predictions are not possible. | wll give an exanple
of that as well.

(Slide)

My first case study is a nore predictive nodel. And

this is a nodel that we put together in order to | ook at the
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changes in resistance to nucl eosi de anal ogs i n herpes sinplex
virus type I, which is the cause of cold sores in a |arge
nunber of people and a cause of a nuch nore severe disease in
i mmunoconprom sed peopl e.

The maker of the topical creamfor treatnent,
antiviral cream for treatnment of this infection, applied for
over the counter status for this drug. This obviously raised
serious issues of resistance. Particularly because the topical
pencyl ovir cream showed cross-resistance to all of the ngjor
first line anti-herpes viral drugs.

So that if you select it for resistance to that

P creamit could quite serious, particularly in the smaller but

i nportant popul ati on of persons who got severe disease fromthe
same organi sns.

So we were asked to try to nodel the question what

5 | mpact woul d increase use of topical pencyclovir have on

resi stance? So, there was a |lot of data fortunately avail able
for this situation. W knew a | ot about the base |ine |evels.
We knew the current preval ence of the infection and of
systematic recurrences of the infection.

We were able to calculate fromthese data that there

P is a period of roughly 10 years or nore on average between

transm ssions. So that a person who is infected, on average it

woul d be 10 years before they woul d pass on the infection, even
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if they were in a conmmunity of totally unexposed hosts.

We knew the current |levels of anti-viral use and we

knew that that was a | arge nunber -- and I am not giving
nunbers here because they are not so inportant in understanding
the generalities here -- but, |I can answer questions about that
| ater.

They are large in kilogramand daily-dose terns, and
it looked as though there was really a |ot of use of the anti-
viral class already. But, if you then | ooked at the proportion
of the total cases being treated it was a very, very snal

nunber. There are a | ot of people with recurrent herpes

P | abialis and a very small nunber of those were being treated.

So, as a selective pressure on the organismas a whole, the
burden of current treatnent was quite | ow

(Slide)

And that was reflective in current resistance |evels
whi ch were about .3 percent in the i munoconpetent hosts and
hi gher in the i munoconprom sed hosts, where the use was nuch

hi gher and the energence of resistance is nuch easier in

i mrunoconpr om sed hosts.

(Slide)

So, how does anti-viral use in this case select for
resi stance? Well, | described those three mechani sns and |

think there are two of those nechani sns that are rel evant for
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t he HSV1 case.

The first is that treatnment with the pencyclovir
cream reduces viral shedding, the duration, by about 20 to 25
percent. And therefore may pronote resistance by reducing
transm ssion of the sensitive virus, |eaving hosts susceptible
to infection with resistant virus. Leaving the other hosts who
m ght have been exposed to that susceptible virus, but aren't
then susceptible to infection with resistant. So that is one
mechani sm and that selection is proportional to the efficacy of
the drug in reduci ng sheddi ng.

The ot her nechani smthat m ght be involved is that

P in rare cases it nmay cause acquired resistance. And treated

i mmunoconpet ent hosts were the ones to whomthis OIC drug woul d
have been marketed had it been approved, which it wasn't.

The data on that showed that in about 1,800 patients

b in different studies there were no clear reports of acquired

resi stance. There were four case reports, not in studies but

18 just people who had been identified that m ght have been

i mmunoconpet ent hosts in whom resistance energed but it wasn't
cl ear.
So, our best quantitative data was zero out of
P 1,800. Wiich if you take a confidence interval, the 95 percent

confidence interval says that nunber can give you confidence

that the true rate of acquired resistance is less than 1 in




625.

| am going through all of these nunbers in this case
for a reason. Because it turns out the 1 in 625 is actually
very different fromzero, which is what we initially thought.
W in fact initially nodeled it with zero and our predictions
were so optimstic that we then wanted to see how close to zero
is zero. And you will see that in a mnute.

(Slide)

So we constructed a nore conplicated nodel than the
one | just showed you which basically mmcs that idea of

peopl e being born susceptible becomng infected. W put in two

P different kinds of infection: resistant and sensitive. W

consi dered the dynam cs of the way in which herpes works with

period recurrences, sone of which may be treated, thereby

b reduci ng sheddi ng.

(Slide)

And we expanded that nodel. Again, our initial
predictions were really very optimstic and we wanted to nake
sure that that was not an artifact of the nodel. So we
expanded the nodel to include i munoconpromn sed hosts and to

i ncl ude several other factors which we thought would be likely

P to speed the devel opnment of resistance in a popul ation.

(Sli de)

The uncertainties that went in the nodel were really




paranmeter values. One was how nmuch of this drug woul d be used?
And based on parallels fromthe UK situation w th another
drug, we suspected up to 30 percent of episodes m ght be
treat ed.

W didn't know, it is not known, how nuch of
transm ssion cones from synptonatic versus asynptonatic
sources. And that is inportant because if nobst transm ssion
conmes fromsynptomatic patients, then treatnent of those
synptomatic patients will have a big selective effect on
resi stance in the organism

Whereas if nost transmission is fromasynptomatic

P patients then treatnent of the synptons may be nuch | esser of a

selective force. We didn't know nuch about the

i mmunoconprom sed in the transm ssion cycle. W didn't know

b whet her resistant viruses are | ess transm ssible than drug-

b sensitive viruses and we don't know the actual probability of

acquired resistance.

(Slide)

So, as | said, we nade sone educated guesses and
estimates of those paraneters and we started by assum ng no

acquired resistance because we thought zero out of 1,800 sounds

P | i ke zero. What we found that the scale, on the X axis there

is years and the red line represents our nost pessimstic

assunpti ons about everything except acquired resistance.




2

2

2

2

2

| So we assumed that all transm ssion came from

» synptonmatic patients, neaning the selective effect would be

B greatest and we assuned that resistant organisns were just as
#l transm ssible as drug-sensitive. W nade a variety of what we
b t hought were pessimstic assunptions and the nodel predicts

b then a very, very small rise fromabout .3 percent to about .4
[ percent over 50 years.

B So, that was wildly optimstic. W felt rather

B sheepi sh about this and a little unconfortable and therefore we

) wanted to -- spent a lot of tine trying to figure out what is
| accounting for this slowincrease.

D (Slide)

B And we went back to this acquired resistance point.
# And | sunmarized nost of what is on this slide earlier. The
b mai n thing being that we knew it was rare, but we didn't know
> how rare. And the nunbers from studi es that existed suggest
 that it was less than 1 in 600 patients.

B (Slide)

D So we then reran the nodel assuming that it was in
) fact 1 in 625 patients, which is at the top left (indicating).

|l The slide | showed before is at the bottomright (indicating)
» for conparison and internedi ate cases are shown in the other

B two.

i And what you see at the top left is that naking the




assunption that instead of zero acquired resistance, it was 1
in 600 treated patients had acquired resistance, totally
changed the dynami cs of the system And under the pessimstic
assunptions, instead of going from.3 to .4 percent in 50
years, it went from.3 percent to alnost 3 percent in 50 years.

And even under |ess pessimstic, nore realistic
assunptions in the yellowline, it went up to about 1.5
percent. Still relatively slow conpared to sone ot her
pat hogens that you may be aware of. But, the sort of wildly
| ow nunbers that we initially found were not verified once we
added in acquired resistance.

(Slide)

So, what we concluded fromthat was that under al

sets of assunptions the predicted increase in resistance would

b be sl ow conpared to, for exanple, just to take an exanpl e of

b vancomyci n resi stant enterococcus where the doubling tinmes have

been in the year to two-year range and we have seen a really
rapid i ncrease over 10 years. W are |looking at a few
per cent age poi nts over 50 years.

But, we found that a snmall probability of acquired

resi stance dramatically accelerates the spread in the

P community. And we found that our conclusions were simlar to

predi ctions that were nade a few years earlier by Bl ower and

col | eagues for genital herpes.




(Sli de)

For a little point of conparison, this is the out put

of another nodel by Al an Pearlson's group in Los Al anpbs that
| ooked at influenza A resistance under treatnent in an outbreak
wi th romant adi ne and amantadi ne. Wat they -- the dotted line

at the bottom shows the resistance over this rather rapid
breakout, over 30 days as the horizontal scale.

Whil e the nunbers aren't all that inpressive in
terms of total nunber of people, you see that the percentage
resi stance clinbs rapidly and reaches a substantial fraction of
the epidemc really within two weeks.

And so we wanted to understand of course why we are
tal ki ng about a few percentage points in 50 years versus
i nfluenza with a couple of weeks.

(Slide)

And when we anal yzed the differences between our
assunptions and theirs, and then started tweaki ng those
assunptions unrealistically in our case, but just to see if we

coul d generate rapid increases in resistance |like theirs, it

turns out you can if change the paraneters to be of a different
di sease.

And the paraneters, such as influenza, the
paraneters that are nost inportant in determ ning those, are

first of all determning the rate of increase. First of all,
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the availability of resistant variance by acquired resistance
or by gene transfer.

Secondly, the |level of selective pressure. The
acquired resistance as we saw nade a big difference in our
nodel and al so the possibility for primary resistance in
transm ssi on between sensitives. O reducing transm ssion of
sensitives.

What is not inportant directly are things |ike
kil ogram usage, doses a little bit. But especially kilogram
usage is not inportant. The conpound we were studying, for

exanpl e, was a topical conpound and therefore the total anount

» of drug in there we calculated the price on a gram of drug

basis and it is nore expensive than gold as it turns out.

So that the total increase in kilogram usage

b conpared to all the perentro use that was going on in the

b communi ty woul d have been negligible had this drug been used at

the | evel s contenpl ated under over-the-counter use.
Nonet hel ess, the selective effect woul d have been
i nportant because it was treating many nore infections. So
kil ograns are not a very good proxy for selective effect.
(Slide)
The generation tine of the infection is probably the
nost inportant difference between our results and the influenza

results. In the case of influenza, the neantine between
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transm ssion is on the order of a week or two. 1In the case of
her pes sinplex infections type I, it is on the order of 10
years.

And that is basically -- natural selection works on
the generation tine of the organisminvolved. And in this case
the rel evant generation is not one viral replication, but it is
the transm ssion of a case. And as a result, the tine scale is
magni fied fromweeks to decades in our case conpared to the flu
case.

O her factors include differences in

transm ssibility between resistant and sensitive infections and

» ot her factors which | amnot going to tal k about.

(Sli de)

So, that is a case where we were able to nmake fairly

b quantitative predictions with quite wi de uncertainty. But we

> were able to say even under the worst assunptions the rate of

i ncrease would not be rapid in the scale of weeks, it would
take decades and it would be a few percentage points. Wich
m ght be very inportant and certainly clinically could have
i nportant consequences, but just as a matter of scale would not
be the sane as observed in sone other infections.

What | want to turn to nowis a second case study of
sonme work we did on antibiotic resistance in hospitals. Wich

really tried to do a different thing. W weren't trying to




make such specific predictions, but rather to explain sone of
t he observations that had been made in hospital-acquired
infections for which it was unclear the reason why.

One of those observations that had been made is that
following an intervention in a hospital resistance |evels can
change nmuch faster than they do in the community.

A second observation is that non-specific control
measures, which are not targeted particularly at resistant
i nfections can nonet hel ess reduce the frequency of resistant
i nfections and maybe even nore so than drug-sensitive
i nfections.

And finally, there was a puzzling observation that
in certain studies use of a single antibiotic could be a risk

factor for carrying bacteria resistant to another. Even in the

b absence of cross-resistance or |linked resistance determn nants.

So for exanple, in a recent study fl ouroquinol one
use was a risk factor for receipt of extended spectrum
bet al act am base gram negatives in a hospital. And that is
strange because what woul d t he mechani sm be?

(Slide)

So the first phenonenon | just described is a

» difference in rates of change between comrunity-acquired and

hospital -acquired infections. This is the data froma finish

study supplied to nme, kindly on a slide by colleagues at CDC,
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in which erythronycin use was curtail ed by about six-fold in
Fi nl and.

And what happened follow ng that was a gradual
change in the levels of resistance to erythronycin in Goup A
Strep, first an increase, then a decline. Finally, about a 50
percent decline fromthe original |evel fromabout 14 percent
to about 7 percent.

But that took from 1988 when the programwas put in
place to '96 when they stopped neasuring. Over eight years we
saw a relatively, well a 50 percent decline, over alnobst a

decade. A simlar situation was seen in strep pneunpni ae in

» I celand followi ng interventions to reduce penicillin use.

(Sli de)

And those are two of the real success stories that

b are cited for the benefits of controlling antibiotic resistance

> in the community, use in the community to control resistance.

But in these cases the reductions take years.

Mat hemati cal nodels by others, particularly Darren
Austin and Roy Anderson at Oxford, have shown that the rate of
decline in resistance is determned largely by the fitness cost

of resistance. The difference between the transmissibility of

P drug sensitive and drug resistant infections.

Those nodel s include sonme sinplifications which may

not be entirely appropriate. And the reason for ny question




mar k under the comment "No fitness costs/no decline” is that |
think there are ways in which declines can happen, even if
there is no difference in transm ssion between resistant and
sensitive. But, as a first approximtion, that is expected to
be sl ow or non-existent unless there is a fitness difference.

So, | think -- this is really directed toward
anot her question, but the expectations for studies in the
comunity, both previous experience and now mat hemati cal nodel s
suggest that you shoul d have had noderate expectations for the
success of interventions to control resistance in the
comunity.

(Slide)

In contrast to what you observe in the hospital,

this is the result of a study fromthe early '80s on

b Methicillin resistant or Gentamcin resistant MRSA in a

b hospital. And as you see, following interventions in August of

1979, the level of this organismwent from 30 percent down to
zero in Decenber and was really elimnated fromthe hospital
(Slide)
So we wanted to understand what the nmechani sm of

these differences between communities and hospitals m ght be.

P W& constructed another conpartnental nodel specific for a

hospital. And, again | won't go into details, but the idea is

that individuals could be either colonized with drug sensitive,




col oni zed with drug resistant, or not colonized with a
particul ar bacterial species which we did not specify because
we were trying to do a general nodel in this case.

And, that individuals in contrast to a conmunity
where individuals are born not originally carrying a particul ar
i nfection, or colonizing organism In the hospital,

i ndividuals are admtted often carrying drug sensitive and
sonetimes even carrying drug resistant versions of the
organism E. coli or enterococcus for exanple. That turns out
to be extrenely inportant for the dynam cs of the system

(Slide)

So, the first prediction that we found was that

using realistic paraneters for a sort of conprom se anong
several hospital acquired infections, you see very rapid
b response to interventions. |If you reduce the use of a drug or
b switch it to another drug you see very rapid reductions in
resistance to that drug over a tine scale of days to weeks, in
contrast to the conmunity.
You al so see that if you do infection control it
di sproportionately will reduce the preval ence of resistant
bacteria as we observed.

(Slide)
And finally, we find a very strange phenonenon whi ch

is that, as | said earlier, sonetinmes in sonme studies if you




L | ook at the association between having received one antibiotic
» and having bacteria resistant to another you see a positive

B association. And that was a puzzling observation.

i In this figure, we show -- the red |ines show

b 1 ndi vi dual s who have received a second drug, drug two, and

b their | evel of resistance to a first drug, drug one, in those

( people. And the blue |line shows those who have not received

B drug two.

D And no matter what the overall rate of treatnent

D with drug two, in that nodel we see that the persons who have

| received drug two are at higher risk of resistance to drug one.
P But, the nore drug two is used in the hospital, at the whole
1B hospital level, the association goes the other way. The nore
1#t of drug two is used, the less resistance to drug one there is.
b So, there are a |ot of assunptions behind that which
5> | am not going to have time to explain now. | am happy to

[ di scuss in nore detail over coffee or during questions, but the
B point of this is sinply to say that in a very sinple system it
1D really matters what you neasure. |f you neasure individual

) | evel associations or group |evel risks and that nmay have a

| | esson for other situations.

D (Slide)

2B | went through the predictions rather quickly and

24 didn't explain why. In all of those cases of those




predi ctions, the reason for them and they reason why they are
uni que to hospitals, is this idea of people flow ng through the
hospital. Coming in colonized and staying for a short tine and
t hen | eavi ng.

And this influx of drug sensitive bacteria nakes a
big difference to the dynam cs of a hospital versus a
community. And that nmay be relevant in considering the animal
situation as well.

(Slide)

So, what can these kinds of nodels possibly suggest

for animals, and | offer these tentatively in an audi ence ful

P of peopl e who know nuch nore about the animal situation than |

do.

First is population processes in the host popul ation

b may be inportant. As | said, having an open systemin which

b peopl e are constantly comng in or aninmals are constantly

coming in colonized may change the situation. And where the

|ife span and the duration of stay in a particular group, like
in a particular herd for exanple, has a big inpact on the
rates.
The second possible | esson is never say never. That
P cones fromthe herpes exanple. And what | nean by that is that

very rare events |ike the one in 600 or |less event of acquired

resi stance nmay have an inportant inpact on the determ nants of




changes in the resistant |evel.

The third thing is that indirect effects are
inmportant. Al of these nodels are really designed, and their
strength is that they are good at | ooking at how treating sone
individual s affects the flora of others. And | think that if
this kind of nodeling can nake a contribution to the farm
animal situation, this is probably how.

And finally, nodels like this, even with [imted
data can give a rough idea of tine scale thereby naking a
rational basis for measuring the effects of changes in
anti biotic use.

While we don't know precisely what tine scale we
expect things to happen in a hospital, for exanple if you

reduce the use of a particular drug, we know that the dynam cs

b shoul d be on the order of weeks to nonths, and not on the order

b of years. And that is done with very general data.

(Slide)

So, what can these nodels do? They can predict the
response of bacteria to changes in antibiotic use if sufficient
data are available. They can make testable predictions about

the factors influencing these tine scales, which analogy is the

P right one. So should we think of a particular agricultural or

farm ani mal situation as being nore |ike the herpes situation

of decades or nore like the influenza situation of weeks?




They can suggest nechani sns to explain previously
unexpl ai ned observations and they can aid and study design by
suggesting tinme frane, sanple size, and sone of the key
processes that should be neasured.

(Slide)

What can they not do? One thing, unfortunately, is
they can't make reliable predictions based on limted data.
The better your data, obviously, the nore specific the
predi ctions can be.

The second thing they can't do which | think is

really critical in understanding the role of aninmal use of

P anti biotics and their possible inpacts on human health is no

nodel can predict very rare stochastic events which may be

critical to the evolution of resistance, such as genetic

b i nnovati ons.

(Slide)

This is a dendrogram froma group | ed by Marshal
and col | eagues showi ng the Van-A, vanconycin gl ycopeptide
resi stance genes as found in enterococcus. Wich groups, as
being very simlar in sequence to those fromthe gl ycopeptide

producers, the organisns fromwhich those drugs were initially

P i sol at ed.

And how that junp was made, probably through ot her

internedi ate species is a nystery. And no nodel can predict
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that in any real sense because it is a rare event which just
happened to take some decades probably, at |east until it
reached an inportant |evel.

And what role, use in animals plays in facilitating
that sort of gene transfer is really, it is open to discussion,
but it is not sonething that you can nodel .

(Slide)

And finally, | want to just nake a brief conparison
bet ween what | have been tal ki ng about, ny conpart nent al
nodel s, and the sorts of nodels that nmany of us saw presented.

A very inpressive exanple of last time we were here in

P Decenber by David Foes, the risk assessnent nodel

The conpartnental nodels that | have described are

determnistic, while the other ones are probablistic or

b stochastic ri sk assessnents.

One benefit of the kinds of nodels | tal ked about is
that they are very good at | ooking at direct plus indirect
effects, while the risk assessnent nodels don't have popul ation
dynam cs and therefore are nmuch better for |ooking at direct
ef fects.

Anot her benefit of conpartnental nodels is that they

» natural |y handl e changes over tinme because of this dynam c

aspect. Wiereas the risk assessnent nodels can do that, but it

adds anot her |ayer of conplexity.




On the other hand, the conpartnental nodels have a
harder tinme determ ning uncertainty because they are
determnistic. You can add uncertainty anal yses, but that
i ncreases the conplexity. Wile uncertainty analyses is a
quite natural part of risk assessnment nodeling.

(Slide)

And finally, | just wanted to nention ny
col | aborators on the herpes work: Bruce Levin, Arista Mantia
at Enory University and coll eagues at Smth Kl ine Beecham And
in the hospital work: Karl Berkstrom and Bruce Levin at Enory.

Thanks!

CHAI RPERSON WHI TE: We have tine for one or two
guestions, real quick

VR. : Marc, | think there are exanpl es of

b sonme of the points that you' ve raised fromagriculture and |

b think a really great exanple is the sline facility at the

Uni versity of Kentucky which has been wi thout tetracycline use
for a decade, yet still has a preval ence of tetracycline
resi stance anongst E. coliform

And probably because they are of course giving their

repl acenent pigs from-- it is not an entirely closed -- and

» the second thing is, interest in data fromboth the United

States and from Denmark and Europe of the transition of

traditional dairies to organic dairies and how long it takes
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for resistance to be inpacted as they change to an organic

dairy, which organic dairies don't use any antibiotics.

And what is interesting is that until the organic
farm-- experience in both those settings -- until the organic
farm changes to raising all its own replacenents, not having
any -- purchasing any -- so in other words, to becone a

certified organic you have to raise your own replacenents. But
during that transitional period they are purchasing repl acenent
hei fers.

They see no inpact upon resistance until they have a

cl osed cycl e.

DR. LIPSITCH R ght.
VR. : In fact aren't bringing in external
pressures that mght apply. And just -- the last thing. W
b enphasi ze the idea of an unpredictable event is really the nost

b di sconcerting thing because | think as we -- those uncertain

events, rare events are certain to occur, we just don't know
how long it will take until they occur. So, although uncertain

they are certain to eventual |y happen.

DR LIPSITCH | agree and thanks for both the
suggestions of the data. | would be interested in |earning
» nor e.
CHAI RPERSON WHI TE:  Any ot her questions? If not we

will nove to our break. W are about 10 ni nutes behi nd




schedul e, but we started 10 mnutes |ate so being optimstic we
are right on tine.

So, why don't we -- we have a 25 mnute break
schedul ed. Wy don't we neet back here pronptly at 10:40. W
will start up again at 10:40. Thank you.

( Break)

CHAI RPERSON WHI TE: Thank you for com ng back right
ontinme. As Dr. Cray nentioned, this is an anal ogy of trying
to herd calves to try and get everybody back in here, but |
think it shows that we are just a very social group and we

enj oy tal king about this issue so nuch. So, hopefully this

P continues over in the breakout groups this afternoon.

Qur next speaker is Dr. Paula --
DR. CRAY: Pointer, pointer.

CHAI RPERSON WHI TE:  Oh yeah. | amsorry. |If anyone

b has a pointer they could donate for this talk it would be

greatly appreciated. The ones we have all of the batteries are
dyi ng. Anybody? Marc, do you have one? Thank you.

Qur next speaker is Dr. Paul a Fedorka-Cray. She
received her B.S. in Mcrobiology fromthe best university
around, Penn State.

DR CRAY: Yeal

CHAI RPERSON WHI TE:  Sorry.

DR. CRAY: | like this guy.
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CHAI RPERSON WHI TE: Masters from North Dakota State
University where | also was. |Is that a Masters of
Adm ni stration?

DR CRAY: Yes.

CHAI RPERSON WHI TE:  From Johns Hopki ns University.
And a Ph.D. in Veterinary M crobiology fromthe University of
Nebr aska Medi cal School

She has been enpl oyed by USDA- ARS since 1991 and is
currently the research | eader of the antim crobial research
unit at Richard Russell Research Center in Athens, Georgia.

She is also the coordinator for the veterinary armof the

P Nati onal Antim crobial Resistance Mnitoring System Dr. Cray.

DR. CRAY: Thank you. Thank you, Dave. | always

have a hard tine at football season: half of nme is blue and

b half of me is red for Nebraska and Penn State. North Dakota

b j ust gets col d.

| will go ahead and talk here. The title of the
talk in the paper | think tal ks about nodeling. But what | am
going to do is | amgoing to show you sone of the experiences
t hat we have had.

| have been doing this for 20 years now, | ooking at

P vi brio, actinobus solois, salnonella, and canpyl obacter now in

various animal systens. Actually |ooking at the pathogenesis

of the di sease and col oni zation carrier state.




And al so here fromthe | aboratory is Scott Ladely.
Scott and | have worked together for 15 of those |ast 20 years
and nmuch to his credit he has still lasted, | nust be doing
sonething right. He has as much experience doing this as | do
and hopefully we would be split up between two different
groups.

He is a wealth of information and | woul d ask him
guestions also in the hall if you have any after this
present ati on.

(Slide)

And, before we start | would just like to

P acknowl edge Scott and ny col | aborators and nost inportantly the

people in the lab who really nake all of this happen, who are

still back, literally, working as we speak

(Slide)

Vell, | think one of the nost inportant points from
this whole talk, if you don't take anything el se and you can

nod off now after coffee and donuts, is that you have to ask
the right question.
And the problemis what is the right question? The
right question is the question that you want to have answered.
But, the interesting thing about m crobiol ogy and ani nal
nodel s is that you can mani pulate the systemto really achieve

nost of what you want to achi eve.




Therein lies the confounding basis for sone of these
studies is that now that we have done enough of these, we can
chal l enge and we can set up a systemto observe either disease
or shedding or colonization or the carrier state under enough
di fferent paraneters.

It gives us a really good idea then of what m ght be
happeni ng, not only in a challenge, a | aboratory design system

But al so what m ght be happening in the field too. And we
have carried a nunber of these studies out into the field so
that we have a very good idea of whether there is a
synchroni zati on goi ng on between the information.

But again, | think that you really have to sit down
and you have to ask yourself what is the right question. And

you really want to only ask one question. Because once you

b start adding nore variables in, it becones very difficult I

b think to achieve the answer that you are really | ooking for.

(Slide)

So, where do we | ook? Sone people would say we just
want to look in the animal. | think what we really need to do
is | ook everywhere, sonmewhere, and sonetinmes nowhere or what we
perceive is nowhere. And | think it interesting fromthe | ast

P talk, fromMrc's last talk, is that one of the things that I

find to be nost predictable about mcrobiology is its

unpredictability.
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In that, | think that a | ot of what you are seeing
is that there are these mcroorgani sns that are survivalists
and they are creating their own niche in the environnment. And
so where you mght not think to | ook or where you m ght think
that there is nothing residing anynore, in fact the bacteria
are still there.

Ei ther they are viable, but not culturable or they
are in such | ow nunbers that we don't have the sensitivity and
specificity to find themyet. And we will see how sone of that
fits in as we go on.

(Slide)

So, one of the first things that we need to go ahead
and do is we need to select a target organism In addition to
asking the right question what do you want to test? Wat kind
of target pathogen do we want to |look at? Do we want to | ook
at the organismthat drug m ght be indicated for use against?

Are we going to | ook at a food-borne pathogen? Are

we going to | ook at sal nonella or canpyl obacter or 015787? Are

1% we going to | ook at a conmensal, E. coli? Are we going to | ook

at enterococci? Are we going to |ook at |lactobacillus? Are we
going to | ook at anaerobes? Are we going to |ook at any of the
ot her aerobes?

And you can develop list, upon list, upon list of

organi sns that you are going to look for. And all of this is




going to be limted by tine, noney, and expertise of the |ab
that you actually have built up to | ook at these nodel systens.

And, it may come down to a tinme how what we do in a
| ot of these situations is that we actually select now, in our
studies, many different organisns and we freeze them You talk
about collections, if anyone ever got into our freezers
downstairs we probably have 60,000 cultures now in sonme various
states of form

We al so have a |lot of frozen feces too. It is not
sone place | would want to be if we had a power outage and you
were stuck in a tornado. But, there are things in the freezer.

It is just what is in the freezer.
And what we are doing nowis we are trying to

devel op these studies so that we are actually saving these

b or gani sns, taking themfromthe same animal so that if we want

b to ask a different question for another organismwe can do that

fromthe sanme test conditions retrospectively. And, if you
have the ability to do that, that is one thing that I would
encourage you to set up.

(Slide)

Al'l right. W have gone down through here | ooking

P at aerobes. Do we sel ect anaerobes, enteric bugs, respiratory

bugs, and now do we need to consider mxed infections? | nean

yesterday we heard a | ot about "take it to the field". Well,




|l the problemwith taking it to the field is that you have a

» whol e other conplicating set of factors that are superinposed

B now upon your original design.

i And those in particular are m xed infections.

b Especially with the viral pathogens which tend to relegate then
b sone of the food-borne pathogens to secondary infections. And,
it al so exacerbates clinical disease and actually outcone. So
B survivability will be affected in these situations too.

D And you can have sal nonella, especially PRRS, and we
) have a paper coming out that clearly denponstrates in Vet Mcro
Ll in the next nmonth or so, that if you have a PRRS infection with
P a sal nonella infection you are going to increase your nortality
18 about five-fold.

14 And that woul d have trenendous inpact on what you

b may be | ooking for, what you may want to sel ect, and how many

> ani mal s you may have to select to get the desired nunber of
 organi snms that you want.

B And E. coli also convicts with a variety of viral

19 pat hogens and ot her bacteria too to then be relegated to a

) secondary pat hogen. Now, the other thing that we have observed
| over tinme is the effect of the antibiotics on the actual

P bacteria as we screen for these.

28 If we | ook at -- we | ooked at 420 isol ates of

244 sal nonel la froma study and we | ooked at the effect of
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resistance to tetracyclines: oxytetracycline,
chlortetracycline, and tetracycline and we essentially saw no
di fference between the three.

However, there had been reports where if you | ook at
pasteurella or sonme of the other E. coli or other bacteria and
the tetracyclines that in fact you will see a difference in
resi stance between the oxytets, the chrlortets, and the

tetracycl i nes.

So, in fact if you are reporting out that you just
have resistance to tetracyclines, and you are not very specific
in your drug, you may in fact be m srepresenting what you are

p actually going to need to be | ooking at.

(Slide)

So, if we take salnonella for an exanple here and we
b | ook at three different paraneters. If we want to | ook at
b di sease, then in fact we need to have fairly high exposure

doses in a laboratory situation. Typically 10° and up. And |
liken this sonetimes to just giving thema paste. And, it is
al so a very strain dependent.

And | have UK's story here. And this is not a

United Kingdomstory, this is a Roy Curtis universal Kkiller

P story. He has a strain that he calls UK, for universal killer,

because he swore this strain would kill anything. And so we

said okay, well send it to us because he had never tested it in




pigs. This was in ny other life in |owa.

And so we put this Typhimuriuminto pigs and we
t hought well, we better do a 10® dose so we can just see how
devastating it is and then we will knock it down to about a 10°
dose so we at | east have sone aninmals that survive. And we
went in the next day and we went down there with all of our
necropsy gear on thinking that this was going to be one of
those nornings and in fact it |ooked |ike we had given them
bubbl e gum or candy.

| nmean they were running around. | called Roy and I

said you are not going to believe this. W had to send himthe

P i sol ate back again, but the universal killer apparently doesn't
kill pigs. O these were super pigs. These were |lowa pigs.
They are good chops.

But, | think that what it points out is that even

> Wi thin the sane serotype that you can have differences that

occur and especially between ani mal species, if we take a
Typhi murium from chi ckens say and we try to infect swne we
have a very different outconme then if we take that sane
Typhi murium and pass it through a pig first.

So, there are all of these confounding factors now

P when you | ook at exactly what you are going to try to reproduce

the disease with. Al right.

Vell, then if we just want to set up a nodel where




|l we | ook at just shedding and we don't have di sease or we have

P very mld, transient, clinical disease: sone febrile response,
B i nappet ence, sone other things going on. Then we can cut the

# dose down to a range of about 10°% 10® CFU per pig.

b And if we just want to | ook at colonization for a

b short period of tinme, and by short | nean about six to eight

' weeks and not through to slaughter age, then it was absolutely
8 no disease. | nean it | ooks |like you have done not hing but

® annoy these guys after you give themthe chall enge doses.

) You give them about a 10% and you have very mi ni nal

|l and short-term sheddi ng.

D (Slide)

1B Now, if we | ook at sal nonella heidel berg under these
14 situations and we | ook at two weeks and six weeks post-

5 chal | enge, at 103 10° and 10° dose, and if we look at the

b tonsil, the ileo colic I'ynph node, the ileo colic junction, and
 the cecal contents -- and | just have to say it is so nice to

B be tal king about sonething besides antibiotics right now This
1D reminds me of ny other life -- that at two weeks fromthe

D tonsil and at six weeks we really don't have recovery at a 10°
| dose.

4 However, these are log 10 CFUs, so we have about a
2B one and one-quarter log, a half a log, nowif we boost it up to

28 a 10° chal | enge dose you see we dramatically increase the
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nunber of bacteria that can be isolated per gramof tissue.
And this holds true now, |ooking at the tonsil, the ileo colic
| ynph node, the ileo colic junction, and the cecal contents.
These are internasal inoculations and we will go into that in
t he next couple of slides.

But you can see then that dependi ng upon the tissue
that you sel ect and dependi ng upon the tine that you are
| ooki ng you can find very different nunbers residing in any of
t hese tissues.

(Slide)

Al right. If we have a |l ab-attenuated strain, |

P think that typically they tend to be not very virulent. |

think that this is part of the problemthat we find when people

try to repeat our challenge studies and they end up using an

b ATTC strain.
O we find out that they have had a strain that they
have passed for 52 and one-half years now because Sal non gave

it to them you know, and they really like this strain. Well,
it just doesn't work that way. And what you have to do is that
you have to pass it back through a nouse or the species that

you are working with at that particular tinme to boost its

P vi rul ence.

Essentially, | think that what you are doing is you

are turning everything back on. You are exciting the bug again




and it is up for doing battle nowin the host system The
field isolates then we find to be often nore virulent.
Especially those that we actually take from a di sease case.
However, going back to salnonella as an exanple, we
have to | ook at the serotype considerations. There are nore
than 2,400 different serotypes and not all of themare equally
virul ent, although all of them have the potential to cause
disease. | think that is a very inportant point that you don't

want to forget.

However, we find that the virul ence can differ
dramatically within animals. [|f you had Typhinmuriumin just
P about anything at the particular dose you can induce disease.

| f you have Poona, Poona is very often recovered from exotics.

| guanas | ove this stuff, which is why I will never have ny
b SONS
b -- well, besides they are ugly. They will never have an iguana
in the house.
But Poon is often recovered fromchildren. It is
very virulent in children, but it is alnost |like a commensal in

exotics. Ckay.

(Slide)

And then you have differences in resistance. And
what do | mean by that? Well, if we |ook at the top 12
serotypes -- | nust have been delirious and couldn't count --




|l you can see that from 1998 we had 557 Typhi nurium and on down.
P So these are the first six and the next six. And those are

B just the actual nunmbers that we have out of about 3, 318.

4 (Slide)

D If we | ook at beef on farmor cattle on farm cattle
b di agnostic sanples, cattle slaughter, chicken diagnostic, and
 chi cken sl aughter and those are the total nunber of isolates we
B had in each of those groups. W can see then a specificity for
D some of the serotypes begins to energe.

10 Certainly, the chickens at |east conpared to beef,
11l you will find Heidelberg nore often than you will find Derby
1P and you will find Derby nore often in swine -- this is sw ne
1B di agnostic, swi ne slaughter, turkey diagnostic, turkey

1# sl aughter -- then you will Heidel berg.

1% And then you find sone of these other ones mxed in
16 there dependi ng upon the situation. So you do find a

1f significant association with sonme of these serotypes with sone

18 of the species that you are going to be isolating themfrom

19 (Slide)
20 However, as serotypes vary within each of these
2[l production schenmes, and I will show that in the next two

2P slides, so does the resistance between these serotypes.
2B Typhi murium regardl ess of species tends to have the hi ghest

24 resi stance associated with it and others woul d i ncl ude




Hei del berg and Moandaka.

Whi | e sal nonell a sero nontevideo may show very, very
little if any resistance. The sane with Poona and all of the
ones that you get fromthe exotics.

I f you |l ook at sal nonel |l a anatum and agona, which
are nost often resistant to tetracycline and very little
resi stance to the other antimcrobiotics. WlIl, those are the

ones that are nost often recovered from sw ne operations, too.

(Slide)
Now, serotypes nmay al so be related to clinica
outconme. And we have talked a little bit about that. If we
P | ook at a study that we just conducted with poultry and we | ook
at DT104 a sensitive strain versus DI104 a resistant, the penna

resistant, the typical. So we have a pan sensitive DT104, then

b we have a penna resistant DT104.

And we expose these poultry on day of hatch to two
seeders that were chall enged with 10® CFU of either one of
t hese bacteria. W find that although there was absol utely no
clinical disease between these groups, in fact the resistant
bug is shed in higher nunbers, significantly higher nunbers,
and it also significantly col oni zes nore birds.

So we have two sane serotypes, two sane fasche
types, but we have a resistance versus a sensitive phenotype

essentially and we have a very different outconme when it cones
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t o sheddi ng and col oni zati on.

(Slide)

Now, sone of the other considerations that we have
to have our genetics. Now we are trying to build the best -- |
can't say bug anynore -- but we are trying to build the best
animal, all right. W want to have an aninmal that is resistant
to disease, that is resistant to drought, resistant to
McDonal d's burgers, resistant to a ot of different things.

So, you have animals now that you are actually
trying to incorporate sonme of these resistant strains into.

However, the problemw th salnonella is that it is ubiquitous

P and it is very, very hard to find any aninmals at all that

aren't colonized with salnonella. Especially when you | ook at
conventional systens.
So, if we try to -- one of the things that was
b poi nted out in several of these presentations was that you want
to have animals that are free of salnonella. That is no easy
task. It took us several years to devel op a nodel where we
have actually been able to routinely now take piglets and

mai ntain them free of sal nonell a.

But, in these early studies we | ooked at a group of

P 43 sows and we had two sows positive for sal nonella before

farrowi ng. Seventy-two hours after farrow ng you had 27 of the

43 sows that were farrow ng.
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And then you al ways have your outlier. You had one
that was negative, negative. Obviously, she |liked being
pregnant and having kids. But here you have 38 sows and we had
six that were positive after farrowing and we only had one that
was negative, negative again.

If we wean these pigs at 10 to 14 days of age,
especially fromsows that we know are negative from sal nonel | a,
then we can typically maintain themfree of salnonella. But,
what happens is if you just wean at 10 to 14 days of age and
take it fromthis type of scenario, we ended up with 41 aninmals
out of 407, or about 10 percent, that were positive.

Now, not all of these serotypes interestingly
mat ched the sow. So the question is where were they com ng

fron? Well, they were probably comng fromthe environnment or

b they were in such | ow nunbers that we weren't able to recover

b themin the first place.

Now, we al so have to | ook at the age of the animal
when we | ook at the animal nodels because we know that for
sal nonel l a especially less than four to six weeks of age it is
very difficult to reproduce disease in a |ot of situations.

And that is because you have the maternal antibody com ng

P t hr ough.

However, the nost susceptible age is six to eight

weeks of age. And then you cone into another wi ndow then of




about 8 to 10 weeks of age where literally you would have to
give thema paste in a |lot of instances to get them sick again.

So, it is very, very inportant to |look at the
animals that you are using in any of these experinents. How
you are selecting themand are they truly free of what you want
to look at. And one of the other organisns | think that is
going to be just horrendous to try to work out a systemwth is
canpyl obact er.

(Slide)

That is why I amusing salnonella in these slides.

So, if we look on the farmthen at just sone other confounders,

> wel | what are we going to find in a typical farm situation?

Vell, we went on to this one farm and actually we repeated

this twice, and if we |ooked at the farmand we actually did

b field environnental sanpl es.

So we took 150 sanples every tine we went out. W
al so | ooked at tissue. W necropsied 10 pigs, all the way
t hrough slaughter. And if you don't think necropsying 250
pound pigs in the mddle of July in lowa is a picnic, boy, cone
see nme this summer!

And what we saw was is that we had these seven

P serotypes that we were able to recover, but not all the tine.

W never saw S. agona until nine weeks of age and that

persisted through until slaughter. W saw Agona sporadically,




|l nore consistently missing the ninth week. Berta we only saw

P once. Brandenberg we saw t hrough ni ne weeks. Johannesburg we

B did not see until slaughter. Mnte Video, 18 weeks and

# Wort hi ngton one, nine and 18 weeks.

b Now i nterestingly, we also foll owed these carcasses
b into the slaughter plant. And if we did carcass swabs and if
' we | ooked at their |ynph nodes that we were able to take, al

B of the carcasses were negative.

D So, | think that this tells you that when you go

D into a field situation that you are going to have a | ot of
| different scenarios and when you look at trying to track your

P own organi smor a marked organi smthrough the system | think

1B that you are going to encounter a nmonunental task when you go

14 ahead.
1% It is not inpossible, but you have to be aware of a
16 |l ot of the other confounders because if you had a plate that

1

1

2

2

2

f was m xed at any one tinme with two to four different organisns,

B you are going to have to pick nmany nore colonies to try to find

1% what you are going to need to be | ooking for.

) (Slide)
| Now, one of the favorite areas that | have is the
» rod of inoculation. Some of the work that we did | ooking at

2B internasal versus the gastric, and this gastric was actually a

244 gel atin capsule that -- a big, big gelatin capsule -- that we
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filled with feed and then we inoculated it with sal nonella, put
the top back on and you can let it dry down and it hardens.

You can still recover the sal nonella because it
desiccates quite well. And if you shove this down, and so you
are inoculating it nmuch like they would be taking up feed,
versus an internasal. And historically salnonella is thought
of as a fecal/oral contam nant.

Vell, we could find with our internasal rod of
i nocul ation that we have a nore significant clinical outcone.
That hunoral imunity is affected. Although we have an | gM and

an 1gG response the gastric tends to produce a greater 1gG W

P don't see IgA with either one of those.

Cellular immnity -- the B cell response is greater

with internasal versus the gastric. However, shedding |evels

b Wi | | be significantly higher especially in the first three

> weeks of the experinent. Wereas the gastric, we are only

going to see shedding typically for the first three days at a
high level, and then it will decrease over tinme and you wl |
just find sporadi c shedding.
Ti ssue distribution tends to be nuch higher in an
internasal inoculation. 1In gastric it tends to be nuch | ower.
The actual nunbers in the tissues tend to be two | ogs higher
froman internasal inoculation versus a gastric.

(Sl i de)




Now, why do | bring this up? It is partly because
don't necessarily think that we can | ook at salnonella in the
typi cal boxes of fecal/oral pathogen. Especially with our
confined facilities. Especially with the evidence that is be
presented by ourselves and other people, including Aiff Way
fromthe U K and deJong fromthe Scandi navian countries that

aerosol transm ssion is highly probable.

en

If we | ook again at an internasal inoculation, this

time with Typhinmurium and a trans-thoracic where we actually

went in between the third and fourth rib, directly into the

| ungs, and then we | ook at our typical gut challenge right in
» the stomach again with our pill popper, we can see that in
three hours the tonsil has 4.6 logs and 3.3 logs in the trans

thoracic challenges. Nothing nowin the gut.

to

The gut issue, the ileo colic |ynph node is negative

b at three hours, but at six hours it is positive. That is a

rapi d di ssem nation throughout the host. And what we did was
we actually esophagauti m zed these pigs so we took out any
possibility that they could have received any type of gut
chal l enge with our internasal nodel here.

And this suggests to us that in a transport

P situation where you are going to conm ngle pigs at any point

time and they have a possibility of being in contact with any

ot her serotype, there is a high |likelihood that they will in

in
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fact beconme col onized, at least to low |levels then with another
serot ype.

If we | ook at 18 hours now, we can see that our gut
i's now just becom ng positive with non-quantifiable |evels.
But, we are still, especially with the trans-thoracic at 4 and
5 logs of salnonella that we can recover. | think this is
sonet hing el se that you have to consi der though when you are
setting up your chall enge nodel s.

(Slide)

Now, you can also |ook at fasts: no food versus

reduced food. This typically occurs only after clinical

» il 1 ness has been initiated. | nean pigs, chickens, everybody

they all eat -- | will l|eave that comment out -- and what we

see though is that if you want to mimc some things then I

b can't quite see why you would want to fast because you really

b don't see that.

W don't stop eating, even as humans, until we are
slightly depressed, feeling a little yucky, taking sone
Tylenol. And that is the sane scenario that is happening in an
ani mal situation, too.

So, if we don't fast pigs, then do we have a nore

» natural exposure? | would submt to you that we probably do.
Some people will do a stomach neutralization too and | would
contend that that is even -- | mean you don't go in and take,
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before you are going out to eat, and say okay let's take a dose
of sodiumbicarb. W are going to go out to eat and see what
we cone hone wth.

That is not a natural scenario, in nost cases |
woul d guess. And so | would say that no neutralization is
probably the way to go too. So, if you read a |lot of the
hi storical references and you are reading a | ot of the outcone
based on ani mal nodel s that have been presented, you have to
| ook and you have to eval uate exactly what they were doing and
were they mani pulating the situation in any particular way to
i nfl uence out conme?

(Slide)

Al right. So not only do we have the internasa

and the trans-thoracic and the gut challenge and your typi cal

b per OS chall enge, what we |ike to use now are seeder ani nal

b nodel s. Vhich is, what | consider to be one of the npst

nat ural ways.

And again, we are still taking a guess. But, what
essentially we like to do is we |ike to take our pen, our unit,
that we are going to challenge. W like to challenge one or

two other animals or some other ratio that we pick. And we

P typically chall enge those with our organismand then we

i ntroduce those birds or pigs or cattle or whatever into our

herd or unit situation.




And we | ook at the dissem nation of the bug then
anongst the population. And we believe that that is going to
sinmulate in a nmuch nore natural manner then exactly what woul d
be happeni ng under field-type conditions.

And Jeff Gray published a very nice paper a couple
of years ago which clearly denonstrates that by using this type
of nodel systemthat we can mmc a |lot of the experinental and
in fact the field conditions that are goi ng on.

W find that the serologic response is often the
sanme, especially with our chall enge systens that you woul d be

doing a direct challenge with every animal. And the

» bacteriologic response is parallel.

And we can evaluate this spread within both the

group and the environnent then. Because, not in all situations

b are we going to find that all of the animals will becone

b i nfected. W al ways have those outliers in any one scenari o.

(Slide)

So, the question then beconmes if we set up a
situation and we have done sonme | ooking at the effect of drugs,
is when do we treat that? Do we treat when we see clinical

illness? Well, what if we can't induce clinical illness? Do

P we treat when we woul d expect clinical illness to occur, which

is typically 24 to 48 hours after exposure to the sal nonella?

These are questions that you have to ask. Now, how




many tinmes do you treat? Do you treat by | abel indications?
O do you nega treat? | would submt to you that if you are
going to stand out there and inject or expose drugs all of the
times that you are going to influence the outconme of the

resi stance popul ati on.

So, should we be | ooking at setting up nodels where
we are only looking at it under |abel indications. And then
per haps doing nore screening of the environnment which may in
fact be the seeder population for other naive pigs that you may

be bringing in. And that brings us to the re-exposure route.

The environnment plays a critical role, not so nmuch
P in our isolation units, but typically on the farm where we have
a fecal and/or litter build-up. It also raises the question
about our naked DNA running around there or |aying around there

b or what ever around there, being available for incorporation

b into all of the other bacteria that m ght be around. So these

again are all different paraneters that we have to | ook at.

(Slide)

Well, since | forgot to bring the exact nunbers with
me and | couldn't renmenber, | did remenber the exact
simul ati on, though. And what we did was we | ooked at S.

» Hei del berg and we treated, we exposed two groups: the red and

bl ack and the yellow group to S. Heidel berg on day zero to

about a 10° dose. And we did start to see sone clinical
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illness at about 48 hours

So we treated which is what the stars indicate on
days two, three, and four with either drug A or drug B. And
what we found was that with drug B, by day five we absolutely
had no sheddi ng | evel s whatsoever. W couldn't find it. And
we | ooked extensively for any bacteria that we could find.

And now our culture nmethods I can tell you are
sensitive down to 1 CFU per gram And we couldn't find any
sal nonella on day five. But by day six, or 48 hours after we
stopped treatnent, then we started to see these |evels cone up.

So this very clearly denonstrated the differences in reducing

P a pat hogen | oad, but not necessarily elimnating the pathogen

fromthe environment. And these are the types of scenarios
that you can probably expect with sonme bug drug conbinations.
(Slide)
Now, havi ng sat through a whole day's worth of
tal ks, one of the nice things about Powerpoint is that you can
begin to critique everybody el se's and no one gets a chance to
critique yours. So, yesterday a comment was nade that, you
know, do you | ook at a single drug? And well, | would submt

to you that resistance to a single drug is just that, it is

» resistant to a single drug.

And, we now have the dynami cs of nultiple resistance

in our mdst that we have to consider, because we really don't




know what that trigger is for initiating the devel opment of a
cassette or the incorporation of a cassette or how many drug-
resisted genes will be incorporated in any one cassette.

So, even though we | ook and we say, well this is
going to be relatively innocuous because we may only have | ow
| evel s of resistance that we are evaluating, we can't be rem ss
and at least think at the back of our mnd that in fact any
particular drug or disinfectant or nmetal, something is going to
act as a trigger for setting off this novenment or incorporation
of other genes into the chronosone or between different
bacteri a.

And again, | think that goes back to the surviva
mechanismw th bacteria. They sinply exist to survive.

(Slide)

So, what are we neasuring? W are measuring

5> clinical disease. |s that what we want to nmeasure as an

outcone? Do you want to neasure performance? Wich is a
totally different question. Do you want to neasure average
daily gain? Do you want to neasure days to market? Do we want
to measure sheddi ng?

Do we want to neasure this elusive pathogen | oad

P t hat can change dependi ng upon what tine of the day? W know

that typically animals have cycles too. They don't take U S

News and Wbrld Report into any corner or anything, but they




have different times of the day when we find that they shed
hi gher nunbers t oo.

How many people are you going to put out in the pen
sanpling over a period of time? And all of these different
paraneters, asking the question what are we going to neasure
will nmean that we have to have different approaches to setting
up the nodels.

(Slide)

What do we test? |If you do direct catch, you better
have significant back insurance for the person that you are out

there asking to do these direct catches. It is much easier to

P do a direct catch fromcattle and swine than it is from

chi ckens.

So, you really have to think about what you are

b asking for over tine. This is where graduate students cone in

»> and be very invaluable. | hope there are none out there.
Al right. 1If we |look at environnental sanples then
we have to ask ourselves are we picking up extraneous

contam nants and how do we sort those out? O, were they

really just there anyhow and are they going to have a




